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THE  INSTITUTION  OF  MECHANICAL  ENGINEEES. 


August  1878. 

1st.  The  name   of    tlie   Association    is   "  The    Institution    of 
Mechanical  Engineers." 

2nd.  The  Kegistered  Office  of  the  Association  will  be  situate  in 
England. 

3rd.  The  objects  for  which  the  Association  is  established  are  : — 

(a.)  To  promote  the  science  and  practice  of  Mechanical 
Engineering  and  all  branches  of  mechanical  construction, 
and  to  give  an  impulse  to  inventions  likely  to  be  useful  to  the 
Members  of  the  Institution  and  to  the  community  at  large. 

(b.)  To  enable  Mechanical  Engineers  to  meet  and 
to  correspond,  and  to  facilitate  the  interchange  of  ideas 
respecting  improvements  in  the  various  branches  of 
mechanical  science,  and  the  publication  and  communication 
of  information  on  such  subjects. 

(c.)  To  acquire  and  dispose  of  property  for  the  purposes 
aforesaid. 

(d.)  To  do  all  other  things  incidental  or  conducive  to 
the  attainment  of  the  above  objects  or  any  of  them. 
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4tli.  The  income  and  property  of  the  Association,  from  wliatever 
source  derived,  shall  be  applied  solely  towards  the  promotion  of 
the  objects  of  the  Association  as  set  forth  in  this  Memorandum  of 
Association,  and  no  portion  thereof  shall  be  paid  or  transferred 
directly  or  indirectly,  by  way  of  dividend,  bonus,  or  otherwise 
howsoever,  by  way  of  profit  to  the  persons  who  at  any  time  are 
or  have  been  Members  of  the  Association,  or  to  any  of  them,  or 
to  any  person  claiming  through  any  of  them  :  Provided  that 
nothing  herein  contained  shall  prevent  the  payment  in  good  faith 
of  remuneration  to  any  officers  or  servants  of  the  Association,  or 
to  any  Member  of  the  Association,  or  other  person,  in  return  for 
any  services  rendered  to  the  Association,  or  prevent  the  giving  of 
privileges  to  the  Members  of  the  Association  in  attending  the 
meetings  of  the  Association,  or  prevent  the  borrowing  of  money 
(under  such  powers  as  the  Association  and  the  Council  thereof  may 
possess)  from  any  Member  of  the  Association,  at  a  rate  of  interest 
not  greater  than  five  per  cent,  per  annum. 

5th.  The  fourth  paragraph  of  this  Memorandum  is  a  condition 
on  which  a  licence  is  granted  by  the  Board  of  Trade  to  the 
Association  in  pursuance  of  Section  23  of  the  Companies  Act  1867. 
For  the  purpose  of  preventing  any  evasion  of  the  terms  of  the 
said  fourth  paragraph,  the  Board  of  Trade  may  from  time  to  time, 
on  the  application  of  any  Member  of  the  Association,  impose  fui'ther 
conditions,  which  shall  be  duly  observed  by  the  Association. 

6th.  If  the  Association  act  in  contravention  of  the  fourth 
paragraph  of  this  Memorandum,  or  of  any  such  further  conditions, 
the  liability  of  every  Member  of  the  Coimcil  shall  be  unlimited  ; 
and  the  liability  of  every  Member  of  the  Association  who  has  received 
any  such  dividend,  bonus,  or  other  profit  as  aforesaid,  shall  likewise 
be  unlimited. 

7th.  Every  Member  of  the  Association  undertakes  to  contribute 
to  the  Assets  of  the  Association  in  the  event  of  the  same  being 
wound  up  during  the   time  that  he  is   a  Member,  or  within   one 
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year  afterwards,  for  payment  of  tlie  debts  and  liabilities  of  the 
Association  contracted  before  the  time  at  wliicb  he  ceases  to  be 
a  Member,  and  of  the  costs,  charges,  and  expenses  for  winding  up 
the  same,  and  for  the  adjustment  of  the  rights  of  the  contributories 
amongst  themselves,  such  amount  as  may  be  required  not  exceeding 
Five  Shillings,  or  in  case  of  his  liability  becoming  unlimited  such 
other  amount  as  may  be  required  in  pursuance  of  the  last  preceding 
paragraph  of  this  Memorandum. 

8th.  If  upon  the  winding  up  or  dissolution  of  the  Association 
there  remains,  after  the  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or  distributed 
among  the  Members  of  the  Association,  but  shall  be  given  or 
transferred  to  some  other  Institution  or  Institutions  having  objects 
similar  to  the  objects  of  the  Association,  to  be  determined  by  the 
Members  of  the  Association  at  or  before  the  time  of  dissolution ;  or 
in  default  thereof,  by  such  Judge  of  the  High  Court  of  Justice  as  may 
have  or  acquire  jurisdiction  in  the  matter. 
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§.riwlts  iDf  g^ssonation. 


Febkuaet  1893, 


INTEODUCTION. 


Whereas  an  Association  called  "  The  Institution  of  Mechanical 
Engineers"  existed  from  1847  to  1878  for  objects  similar  to  the 
objects  expressed  in  the  Memorandum  of  Association  of  the 
Association  (hereinafter  called  "the  Institution")  to  which  these 
Articles  apply ; 

And  whereas  the  Institution  was  formed  in  1878  for  furthering 
and  extending  the  objects  of  the  former  Institution,  by  a  registered 
Association,  under  the  Companies  Acts  1862  and  1867 ; 

And  whereas  terms  used  in  these  Articles  are  intended  to  have 
the  same  respective  meanings  as  they  have  when  used  in  those  Acts, 
and  words  implying  the  singular  number  are  intended  to  include 
the  plural  number,  and  vice  versa  ; 

Now  THEEEFOEE  IT  IS  HEEEBY  AGREED  as  foUoWS  : 

CONSTITUTION. 

1.  For  the  purpose  of  registration  the  number  of  members  cf 
the  Institution  is  unlimited. 

MEMBEES,    ASSOCIATE    MEMBEES,    GEADUATES, 
ASSOCIATES,  AND  HONOEAEY  LIEE  MEMBEES. 

2.  The  present  Members  of  the  Institution,  and  such  other  persons 
as  shall  be  admitted  in  accordance  Avith  these  Articles,  and  none 
others,  shall  be  Members  of  the  Institution,  and  be  entered  on  the 
register  as  such. 
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3.  Any  person  may  become  a  Member  of  tbe  Institution  who 
stall  be  qualified  and  elected  as  hereinafter  mentioned,  and  sball 
agree  to  become  such  Member,  and  shall  pay  the  entrance  fee  and 
first  subscription  accordingly. 

4.  The  qualification  of  Members  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

5.  The  election  of  Members  shall  be  conducted  as  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

6.  In  addition  to  the  persons  already  admitted  as  Graduates, 
Associates,  and  Honorary  Life  Members  respectively,  the  Institution 
may  admit  such  persons  as  may  be  qualified  and  elected  in  that 
behalf  as  Associate  Members,  Graduates,  Associates,  and  Honorary 
Life  Members  respectively  of  the  Institution,  and  may  confer  upon 
them  such  privileges  as  shall  be  prescribed  by  the  By-laws  from 
time  to  time  in  force,  as  provided  by  the  Articles:  provided  that  no 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member 
shall  be  deemed  to  be  a  Member  within  the  meaning  of  the  Articles. 

7.  The  qualification  and  mode  of  election  of  Associate  Members, 
Graduates,  Associates,  and  Honorary  Life  Members  shall  be  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

8.  The  rights  and  privileges  of  every  Member,  Associate  Member, 
Graduate,  Associate,  or  Honorary  Life  Member  shall  be  personal  to 
himself,  and  shall  not  be  transferable  or  transmissible  by  his  own  act 
or  by  operation  of  law. 

ENTKANCE  FEES  AND  SUBSCEIPTIONS. 

9.  The  Entrance  Fees  and  Subscriptions  of  Members,  Associate 
Members,  Graduates,  and  Associates  shall  be  prescribed  by  the  By- 
laws from  time  to  time  in  force,  as  provided  by  the  Articles. 
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EXPULSION. 


10.  If  any  Member,  Associate  Member,  Graduate,  or  Associate 
sball  leave  bis  subscription  in  arrear  for  two  years,  and  sball  fail  to 
pay  sucb  arrears  within  three  months  after  a  written  application  has 
been  sent  to  him  by  the  Secretary,  his  name  may  be  struck  off 
the  register  by  the  Council  at  any  time  afterwards,  and  he  shall 
thereupon  cease  to  have  any  rights  as  a  Member,  Associate  Member, 
Graduate,  or  Associate,  but  he  shall  nevertheless  continue  liable  to 
pay  the  arrears  of  subscription  due  at  the  time  of  his  name  being  so 
struck  off:  provided  always  that  this  regulation  shall  not  be 
construed  to  compel  the  Council  to  remove  any  name,  if  they  shall  be 
satisfied  the  same  ought  to  be  retained. 

11'.  The  Council  may  refuse  to  continue  to  receive  the 
subscriptions  of  any  person  who  shall  have  wilfully  acted  in 
contravention  of  the  regulations  of  the  Institution,  or  who  shall 
in  the  opinion  of  the  Council  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  to  belong  to  the 
Institution ;  and  may  remove  his  name  from  the  register,  and  he 
shall  thereupon  cease  to  be  a  Member,  Associate  Member,  Graduate, 
or  Associate  (as  the  case  may  be)  of  the  Institution. 

GENEEAL  MEETINGS. 

12.  The  General  Meetings  shall  consist  of  the  Ordinary  Meetings, 
the  Annual  General  Meeting,  and  of  Special  Meetings  as  hereinafter 
defined. 

13.  The  Annual  General  Meeting  shall  take  place  in  London  in  one 
of  the  first  four  months  of  every  year.  The  Ordinary  Meetings  shall 
take  place  at  such  times  and  places  as  the  Council  shall  determine. 

14.  A  Special  Meeting  may  be  convened  at  any  time  by  the 
Coimcil,  and  shall  be  convened  by  them  whenever  a  rec[uisition 
signed  by  twenty  Members  or  Associate  Members  of  the  Institution, 
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specifying  tlie  object  of  tlie  Meeting,  is  left  witli  the  Secretary.  If 
for  fourteen  days  after  the  delivery  of  such  requisition  a  Meeting  be 
not  convened  in  accordance  therewith,  the  Eequisitionists  or  any 
twenty  Members  or  Associate  Members  of  the  Institution  may  convene 
a  Special  Meeting  in  accordance  with  the  requisition.  All  Special 
Meetings  shall  be  held  in  London. 

15.  Seven  clear  days'  notice  of  every  Meeting,  specifying  generally 
the  nature  of  any  special  business  to  be  transacted  at  any  Meeting, 
shall  be  given  to  every  person  on  the  register  of  the  Institution,  except 
as  provided  by  Article  35,  and  no  other  sj^ecial  business  shall  be 
transacted  at  such  Meeting ;  but  the  non-receipt  of  such  notice  shall 
not  invalidate  the  proceedings  of  such  Meeting.  No  notice  of  the 
business  to  be  transacted  (other  than  such  ballot  lists  as  may  be 
requisite  in  case  of  elections)  shall  be  required  in  the  absence  of 
special  business. 

16.  Special  business  shall  include  all  business  for  transaction  at  a 
Special  Meeting,  and  all  business  for  transaction  at  every  other 
Meeting,  with  the  excej)tion  of  the  reading  and  confirmation  of  the 
Minutes  of  the  j)revious  Meeting,  the  election  of  Members,  Associate 
Members,  Graduates,  and  Associates,  and  the  reading  and  discussion 
of  communications  as  prescribed  by  the  By-laws,  or  by  any  regulations 
of  the  Council  made  in  accordance  with  the  By-laws. 

PEOCEEDINGS  AT  GENEEAL  MEETINGS. 

17.  Twenty  Members  or  Associate  Members  shall  constitute  a 
quorum  for  the  purpose  of  a  Meeting  other  than  a  Special  Meeting. 
Thirty  Members  or  Associate  Members  shall  constitute  a  quorum  for 
the  purpose  of  a  Special  Meeting. 

18.  If  within  thirty  minutes  after  the  time  fixed  for  holding  the 
Meeting  a  quorum  is  not  present,  the  Meeting  shall  be  dissolved,  and 
all  matters  which  might,  if  a  quorum  had  been  present,  have  been 
done  at  a  Meeting  (other  than  a  Special  Meeting)  so  dissolved,  may 
forthwith  be  done  on  behalf  of  the  Meeting  by  the  Council. 
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19.  The  President  shall  be  Chairman  at  every  Meeting,  and  in 
his  absence  one  of  the  Vice-Presidents ;  and  in  the  absence  of  all 
Vice-Presidents  a  Member  of  Council  shall  take  the  chair ;  and  if 
no  Member  of  Council  be  present  and  willing  to  take  the  chair,  the 
Meeting  shall  elect  a  Chairman. 

20.  The  decision  of  a  General  Meeting  shall  be  ascertained  by 
show  of  hands,  unless,  after  the  show  of  hands,  a  poll  is  forthwith 
demanded  ;  and  by  a  poll,  when  a  poll  is  thus  demanded.  The 
manner  of  taking  a  show  of  hands  or  a  poll  shall  be  in  the 
discretion  of  the  Chairman;  and  an  entry  in  the  Minutes,  signed 
by  the  Chairman,  shall  be  sufficient  evidence  of  the  decision  of 
the  General  Meeting.  Each  Member  and  Associate  Member  shall 
have  one  vote  and  no  more.  In  case  of  equality  of  votes  the 
Chairman  shall  have  a  second  or  casting  vote :  provided  that  this 
Article  shall  not  interfere  with  the  provisions  of  the  By-laws  as  to 
election  by  ballot. 

21.  The  acceptance  or  rejection  of  votes  by  the  Chairman  shall 
be  conclusive  for  the  purpose  of  the  decision  of  the  matter  in  respect 
of  which  the  votes  are  tendered :  provided  that  the  Chairman  may 
review  his  decision  at  the  same  Meeting,  if  any  error  be  then  pointed 
out  to  him. 

BY-LAWS. 

22.  The  By-laws  set  forth  in  the  schedule  to  these  Articles,  and 
such  altered  and  additional  By-laws  as  shall  be  substituted  or  added 
as  hereinafter  mentioned,  shall  regulate  all  matters  by  the  Articles 
left  to  be  prescribed  by  the  By-laws,  and  all  matters  which 
consistently  with  the  Articles  shall  be  made  the  subject  of  By-laws. 
Alterations  in,  and  additions  to,  the  By-laws,  may  be  made  only  by 
resolution  of  the  Members  and  Associate  Members  at  an  Annual 
General  Meeting,  after  notice  of  the  proposed  alteration  or  addition 
has  been  announced  at  the  previous  Ordinary  Meeting,  and  not 
otherwise. 
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COUNCIL. 


23.  The  Council  of  the  Institution  shall  be  chosen  from  the 
Members  only,  and  shall  consist  of  one  President,  six  Vice- 
Presidents,  fifteen  ordinary  Members  of  Council,  and  of  the  Past- 
Presidents.  The  President,  two  Vice-Presidents,  and  five  Members 
of  Council  (other  than  Past-Presidents),  shall  retire  at  each  Annual 
General  Meeting,  but  shall  be  eligible  for  re-election.  The  Vice- 
Presidents  and  Members  of  Council  to  retire  each  year  shall, 
unless  the  Council  agree  among  themselves,  be  chosen  from  those 
who  have  been  longest  in  office,  and  in  cases  of  equal  seniority 
shall  be  determined  by  ballot. 

24.  The  election  of  a  President,  Vice-Presidents,  and  Members 
of  Council,  to  supply  the  place  of  those  retiring  at  the  Annual 
General  Meeting,  shall  be  conducted  in  such  manner  as  shall  be 
prescribed  by  the  By-laws  from  time  to  time  in  force,  as  provided 
by  the  Articles. 

25.  The  Council  may  supply  any  casual  vacancy  in  the  Council 
(including  any  casual  vacancy  in  the  office  of  President)  which  shall 
occur  between  one  Annual  General  Meeting  and  another ;  and  the 
President,  Vice-Presidents,  or  Members  of  Council  so  appointed  by 
the  Council  shall  retire  at  the  succeeding  Annual  General  Meeting. 
Vacancies  not  filled  up  at  any  such  Meeting  shall  be  deemed  to  be 
casual  vacancies  within  the  meaning  of  this  Article. 

OFFICEES. 

26.  The  Treasurer,  Secretary,  and  other  employes  of  the 
Institution  shall  be  appointed  and  removed  in  the  manner  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles.  Subject  to  the  express  provisions  of  the  By-laws,  the 
officers  and  servants  of  the  Institution  shall  be  apiDointed  and 
lemoved  by  the  Council. 
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27.  The  powers  and  duties  of  tlie  officers  of  tlie  Institution  shall, 
subject  to  any  express  provision  in  the  By-laws,  be  determined  by 
the  Council. 


POWEES  AND  PEOCEDUEE  OF  COUNCIL. 

28.  The  Council  may  regulate  their  own  procedure,  and  delegate 
any  of  their  powers  and  discretions  to  any  one  or  more  of  their  body, 
and  may  determine  their  own  quorum :  if  no  other  number  is 
prescribed,  three  members  of  Council  shall  form  a  quorum. 

29.  The  Council  shall  manage  the  property,  proceedings,  and 
affairs  of  the  Institution,  in  accordance  with  the  By-laws  from  time 
to  time  in  force. 

30.  The  Treasurer  may,  with  the  consent  of  the  Council,  invest 
in  the  name  of  the  Institution  any  moneys  not  immediately  required 
for  the  purposes  of  the  Institution  in  or  upon  any  of  the  following 
investments  (that  is  to  say)  : — 

(a)  The  Public  Funds,  or  Government  Stocks  of  the  United 

Kingdom,  or  of  any  Foreign  or  Colonial  Government 
guaranteed  by  the  Government  of  the  United  Kingdom. 

(b)  Eeal  or  Leasehold  Securities,  or  in  the  purchase  of  real 

or  leasehold  properties  in  Great  Britain  or  Ireland. 

(c)  Debentures,  Debenture  Stock,  or  Guaranteed  or  Preference 

Stock,  of  any  Company  incorporated  by  special  Act  of 
Parliament,  the  ordinary  Shareholders  whereof  shall  at 
the  time  of  such  investment  be  in  actual  receipt  of  half- 
yearly  or  yearly  dividends. 

(d)  Stocks,  Shares,  Debentures,  or  Debenture  Stock  of  any 

Eailway,  Canal,  or  other  Company,  the  undertaking 
whereof  is  leased  to  any  Eailway  Company  at  a  fixed 
or  fixed  minimum  rent. 
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(e)  Stocks,  Shares,  or  Debentures  of  any  East  Indian  Railway 

or  other  Company,  wliicli  shall  receive  a  contribution 
from  Her  Majesty's  East  Indian  Government  of  a  fixed 
annual  percentage  on  their  capital,  or  be  guaranteed  a 
fixed  annual  dividend  by  the  same  Government. 

(f)  The   security   of    rates    levied    by   any   corporate  body 

empowered  to  borrow  money  on  the  security  of  rates, 
where  such  borrowing  has  been  duly  authorised  by 
Act  of  Parliament. 

31.  The  Council  may,  with  the  authority  of  a  resolution  of  the 
Members  and  Associate  Members  in  General  Meeting,  borrow  moneys 
for  the  purposes  of  the  Institution  on  the  security  of  the  property  of 
the  Institution,  or  otherwise  at  their  discretion. 

32.  No  act  done  by  the  Council,  whether  ultra  vires  or  not, 
which  shall  receive  the  express  or  implied  sanction  of  the  Members 
and  Associate  Members  in  General  Meeting,  shall  be  afterwards 
impeached  by  any  member  of  the  Institution  on  any  ground 
whatsoever,  but  shall  be  deemed  to  be  an  act  of  the  Institution. 


NOTICES. 

33.  A  notice  may  be  served  by  the  Council  upon  any  Member, 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
either  personally  or  by  sending  it  through  the  post  in  a  prepaid  letter 
addressed  to  him  at  his  registered  place  of  abode. 

34.  Any  notice,  if  served  by  post,  shall  be  deemed  to  have  been 
served  at  the  time  when  the  letter  containing  the  same  would  be 
delivered  in  the  ordinary  course  of  the  post ;  and  in  proving  such 
service  it  shall  be  sufficient  to  prove  that  the  letter  containing  the 
notice  was  properly  addressed  and  put  into  the  post  office. 

B  2 
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35.  No  Member,  Associate  Member,  Graduate,  Associate,  or 
Honorary  Life  Member,  not  having  a  registered  address  within  the 
United  Kingdom, shall  be  entitled  to  any  notice;  and  all  proceedings 
may  be  had  and  taken  without  notice  to  such  member,  in  the  same 
manner  as  if  he  had  had  due  notice. 
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(Last  Bevision,  February  1894.) 

MEMBERSHIP. 

1.  Candidates  for  admission  as  Members  must  be  persons  not 
under  twenty-five  years  of  age,  who,  having  occupied  during  a 
sufficient  period  a  responsible  position  in  connection  with  the  practice 
or,  science  of  Engineering,  may  be  considered  by  the  Council  to  be 
qualified  for  election. 

2.  Candidates  for  admission  as  Associate  Members  must  be 
persons  not  under  twenty-five  years  of  age,  who,  being  engaged  in 
such  work  as  is  connected  with  the  practice  or  science  of  Engineering, 
may  be  considered  by  the  Council  to  be  qualified  for  election,  though 
not  yet  to  occupy  positions  of  sufficient  responsibility,  or  otherwise 
not  yet  to  be  eligible,  for  admission  as  Members.  They  may 
afterwards  be  transferred  at  the  discretion  of  the  Council  to  the  class 
of  Members. 

3.  Candidates  for  admission  as  Graduates  must  be  persons 
holding  subordinate  situations,  and  not  under  eighteen  years  of  age. 
They  must  furnish  evidence  of  training  in  thejprincij)les  as  well  as 
in  the  practice  of  Engineering.  Before  attaining  the  age  of  twenty- 
six  years,  those  elected  after  1892  must  apply  for  election  as 
Members,  Associate  Members,  or  Associates,  if  they  desire  to  remain 
connected  with  the  Institution ;  they  may  not  continue  Graduates 
after  attaining  the  age  of  twenty-six. 

4.  Candidates  for  admission  as  Associates  must  be  persons  not 
under  twenty-five  years  of  age,  who  from  their  scientific  attainments 
or  position  in  society  may  be  considered  |  eligible  by  the  Council. 
They  may  afterwards  be  transferred  at  the  discretion  of  the  Council 
to  the  class  of  Associate  Members  or  of  Members. 

5.  The  Council  shall  have  the  power  to  nominate  as  Honorary 
Life  Members  persons  of  eminent  scientific  acquirementSj  who  in 
their  opinion  are  eligible  for  that  position. 
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6.  The  Members,  Associate  Members,  Graduates,  Associates,  and 
Honorary  Life  Members  shall  have  notice  of  and  the  privilege  to 
attend  all  Meetings ;  but  Members  and  Associate  Members  only 
shall  be  entitled  to  vote  thereat. 

7.  The  abbreviated  distinctive  Titles  for  indicating  the  connection 
with  the  Institution  of  Members,  Associate  Members,  Graduates, 
Associates,  or  Honorary  Life  Members  thereof,  shall  be  the 
following : — for  Members,  M.  I.  Mech.  E. ;  for  Associate  Members, 
A.  M.  I.  Mech.  E. ;  for  Graduates,  G.  I.  Mech.  E. ;  for  Associates, 
A.  L  Mech.  E. ;  for  Honorary  Life  Members,  Hon.  M.  I.  Mech.  E. 

8.  Subject  to  such  regulations  as  the  Council  may  from  time  to 
time  prescribe,  any  Member,  Associate  Member,  or  Associate  may 
upon  application  to  the  Secretary  obtain  a  Certificate  of  his 
membership  or  other  connection  with  the  Institution.  Every  such 
certificate  shall  remain  the  property  of,  and  shall  on  demand  be 
returned  to,  the  Institution. 

ENTEANCE  FEES  AND  SUBSCEIPTIONS. 

9.  Each  Member  shall  pay  an  Annual  Subscription  of  £3,  and 
on  election  an  Entrance  Fee  of  £2. 

10.  Each  Associate  Member  shall  pay  an  Annual  Subscription  of 
£2  10s.,  and  on  election  an  Entrance  Fee  of  £1.  If  afterwards 
transferred  by  the  Council  to  the  class  of  Members,  he  shall  pay  on 
transference  10s.  additional  subscription  for  the  current  year,  and  £1 
additional  entrance  fee. 

11.  Each  Graduate  shall  pay  an  Annual  Subscription  of  £1  10s., 
but  no  Entrance  Fee.  Any  Graduate  elected  prior  to  1893,  if 
transferred  by  the  Council  to  the  class  of  Associate  Members,  shall 
pay  on  transference  £1  additional  subscription  for  the  current  year, 
but  no  additional  entrance  fee ;  if  transferred  direct  to  the  class  of 
Members,  he  shall  pay  on  transference  £1  10s.  additional  subscription 
for  the  current  year,  and  £1  additional  entrance  fee. 
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12.  Each  Associate  shall  pay  an  Annual  Subscription  of  £2  10s., 
and  on  election  an  Entrance  Fee  of  £1.  If  afterwards  transferred 
by  the  Council  to  the  class  of  Associate  Members,  be  shall  pay  on 
transference  no  additional  subscription  or  entrance  fee.  If  transferred 
direct  to  the  class  of  Members,  he  shall  pay  on  transference  10s. 
additional  subscription  for  the  current  year,  and  £1  additional 
entrance  fee ;  except  Associates  elected  prior  to  1893,  who  shall  pay 
no  additional  entrance  fee  on  transference. 

13.  All  subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  January  in  each  year  ;  and  the  first 
subscription  of  Members,  Associate  Members,  Graduates,  and 
Associates,  shall  date  from  the  1st  day  of  January  in  the  year  of 
their  election. 

14.  In  the  case  of  Members,  Associate  Members,  Graduates,  or 
Associates,  elected  in  the  last  three  months  of  any  year,  the  first 
subscription  shall  cover  both  the  year  of  election  and  the  succeeding 
year. 

15.  Any  Member,  Associate  Member,  or  Associate,  whose 
subscription  is  not  in  arrear,  may  at  any  time  compound  for  his 
subscription  for  the  current  and  all  futui'e  years  by  the  payment  of 
Fifty  Pounds,  if  paid  in  any  one  of  the  first  five  years  of  his 
membership.  If  paid  subsequently,  the  sum  of  Fifty  Pounds  shall 
be  reduced  by  One  Pound  per  annum  for  every  year  of  membership 
after  five  years.  All  compositions  shall  be  deemed  to  be  capital 
moneys  of  the  Institution. 

16.  The  Council  may  at  their  discretion  reduce  or  remit  the 
annual  subscription,  or  the  arrears  of  annual  subscription,  of  any 
Member  or  Associate  Member  who  shall  have  been  a  subscribing 
member  of  the  Institution  for  twenty  years,  and  shall  have  become 
unable  to  continue  the  annual  subscription  provided  by  these 
By-laws. 

17.  No  Proceedings  or  Ballot  Lists  or  Certificates  shall  be  sent  to 
Members,  Associate  Members,  Graduates,  or  Associates,  who  are  in 
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arrear  "witli  tlaeir  subscriptions  more  tlian  twelve  months,  and  whose 
subscriptions  have  not  been  remitted  by  the  Council  as  hereinbefore 
provided. 

ELECTION  OF  MEMBEES,  ASSOCIATE  MEMBERS, 
GEADUATES,  AND  ASSOCIATES. 

18.  A  recommendation  for  admission  according  to  Form  A  or  B 
in  the  Appendix  shall  be  forwarded  to  the  Secretary,  and  by  him  be 
laid  before  the  next  Meeting  of  the  Council.  The  recommendation 
must  be  signed  by  not  less  than  five  Members  or  Associate  Members 
if  the  application  be  for  admission  as  a  Member  or  Associate  Member 
or  Associate,  and  by  three  Members  or  Associate  Members  if  it  be 
for  a  Graduate. 

19.  All  elections  shall  take  place  by  ballot,  four-fifths  of  the 
votes  given  being  necessary  for  election. 

20.  All  applications  for  admission  shall  be  communicated  by 
the  Secretary  to  the  Council  for  their  approval  previous  to  being 
inserted  in  the  ballot  list  for  election,  and  the  approved  ballot  list 
shall  be  signed  by  the  President  and  forwarded  to  the  Members 
and  Associate  Members.  The  name  of  any  Candidate  approved  by 
the  Council  for  admission  as  an  Associate  Member  or  an  Associate 
shall  not  be  inserted  in  the  ballot  list  until  he  has  signed  the  Form  C 
in  the  Appendix.  The  ballot  list  shall  specify  the  name, 
occupation,  and  address  of  the  Candidates,  and  also  by  whom 
proposed  and  seconded.  The  lists  shall  be  opened  only  in  the 
presence  of  the  Council  on  the  day  of  election,  by  a  Committee  to  be 
appointed  for  that  purpose. 

21.  The  Elections  shall  take  place  at  the  General  Meetings  only. 

22.  When  the  proposed  Candidate  is  elected,  the  Secretary  shall 
give  him  notice  thereof  according  to  Form  D ;  but  his  name  shall 
not  be  added  to  the  register  of  the  Institution  until  he  shall  have 
paid  his  Entrance  Fee  and  first  Annual  Subscription,  and  signed  the 
Form  E  in  the  Appendix. 
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23.  In  case  of  non-election,  no  mention  thereof  shall  be  made  in 
the  Minutes,  nor  any  notice  given  to  the  unsuccessful  Candidate. 

24.  An  Associate  Member  ^desirous  of  being  transferred  to  the 
class  of  Members,  or  an  Associate  to  the  class  of  Associate  Members 
or  of  Members,  shall  forward  to  the  Secretary  a  recommendation 
according  to  Form  F  in  the  Appendix,  signed  by  not  less  than  five 
Members  or  Associate  Members,  which  shall  be  laid  before  the  next 
meeting  of  Council  for  their  approval.  On  their  approval  being 
given,  the  Secretary  shall  notify  the  same  to  the  Candidate  according 
to  Form  G- ;  but  his  name  shall  not  be  added  to  the  list  of  Members 
or  Associate  Members  until  he  shall  have  signed  the  Form  H,  and 
shall  have  paid  the  additional  entrance  fee  (if  any),  and  the  additional 
subscription  (if  any)  for  the  current  year. 


ELECTION  OF  PEESIDENT,  VICE-PRESIDENTS, 
AND  MEMBERS  OF  COUNCIL. 

25.  Candidates  shall  be  put  in  nomination  at  the  General 
Meeting  preceding  the  Annual  General  Meeting,  when  the  Council 
are  to  present  a  list  of  their  retiring  Members  who  offer  themselves 
for  re-election;  any  Member  or  Associate  Member  shall  then  be 
entitled  to  add  to  the  list  of  Candidates.  The  ballot  list  of  the 
proposed  names  shall  be  forwarded  to  the  Members  and  Associate 
Members.  The  ballot  lists  shall  be  opened  only  in  the  presence  of 
the  Council  on  the  day  of  election,  by  a  Committee  to  be  appointed 
for  that  purpose. 


APPOINTMENT  AND  DUTIES  OF  OFFICERS. 

26.  The  Treasurer  shall  be  a  Banker,  and  shall  hold  the 
uninvested  funds  of  the  Institution,  except  the  moneys  in  the  hands 
of  the  Secretary  for  current  expenses.  He  shall  be  aj^pointed  by 
the  Members  and  Associate  Members  at  a  General  or  Special  Meeting, 
and  shall  hold  office  at  the  pleasure  of  the  Council. 
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27.  The  Secretary  of  tlie  Institution  sliall  be  appointed,  as  and 
when  a  vacancy  occurs,  by  the  Members  and  Associate  Members 
at  a  General  or  Special  Meeting,  and  shall  be  removable  by  the 
Council  upon  six  months'  notice  from  any  day.  The  Secretary 
shall  give  the  same  notice.  The  Secretary  shall  devote  the  whole 
of  his  time  to  the  work  of  the  Institution,  and  shall  not  engage  in 
any  other  business  or  profession. 

28.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction 
of  the  Council,  to  conduct  the  correspondence  of  the  Institution  ; 
to  attend  all  meetings  of  the  Institution,  and  of  the  Council,  and  of 
Committees ;  to  take  minutes  of  the  proceedings  of  such  meetings ; 
to  read  the  minutes  of  the  preceding  meetings,  and  all  communications 
that  he  may  be  ordered  to  read ;  to  superintend  the  publication  of 
such  papers  as  the  Council  may  direct ;  to  have  the  charge  of  the 
library ;  to  direct  the  collection  of  the  subscriptions,  and  the 
preparation  of  the  account  of  expenditure  of  the  funds ;  and  to 
present  all  accounts  to  the  Council  for  insjDection  and  approval.  He 
shall  also  engage  (subject  to  the  approval  of  the  Council)  and  be 
responsible  for  all  persons  employed  under  him,  and  set  them  their 
portions  of  work  and  duties.  He  shall  conduct  the  ordinary  business 
of  the  Institution,  in  accordance  with  the  Articles  and  By-laws  and 
the  directions  of  the  President  and  Council ;  and  shall  refer  to  the 
President  in  any  matters  of  difficulty  or  importance,  requiring 
immediate  decision. 

MISCELLANEOUS. 

29.  All  Papers  shall  be  submitted  to  the  Council  for  apj)roval, 
and  after  their  approval  shall  be  read  by  the  Secretary  at  the 
General  Meetings,  or  by  the  Author  with  the  consent  of  the 
Council ;  or,  if  so  directed  by  the  Council,  shall  be  printed  in  the 
Proceedings  without  having  been  read  at  a  General  Meeting. 

30.  All  books,  di'awings,  communications,  &c.,  shall  be  accessible 
to  the  members  of  the  Institution  at  all  reasonable  times. 
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31.  All  communications  to  the  Meetings  shall  be  tlie  property  of 
the  Institution,  and  be  published  only  by  the  authority  of  the 
Council. 

32.  None  of  the  property  of  the  Institution — books,  drawings, 
&c. — shall  be  taken  out  of  the  premises  of  the  Institution  without 
the  consent  of  the  Council. 

33.  All  donations  to  the  Institution  shall  be  enumerated  in  the 
Annual  Eeport  of  the  Council  presented  to  the  Annual  General 
Meeting. 

34.  The  General  Meetings  shall  be  conducted  as  far  as 
practicable  in  the  following  order : — 

1st.  The  Chair  to  be  taken  at  such  hour  as  the  Council 
may  direct  from  time  to  time. 

2nd.  The  Minutes  of  the  previous  Meeting  to  be  read  by 
the  Secretary,  and,  after  being  approved  as  correct,  to 
be  signed  by  the  Chairman. 

3rd.  The  Ballot  Lists,  previously  opened  by  the  Council, 
to  be  presented  to  the  Meeting,  and  the  new  Members, 
Associate  Members,  Graduates,  and  Associates  elected 
to  be  announced. 

4th.  Papers  approved  by  the  Council  to  be  read  by  the 
Secretary,  or  by  the  Author  with  the  consent  of  the 
Council. 

35.  Each  Member  or  Associate  Member  shall  have  the  privilege 
of  introducing  one  friend  to  any  of  the  Meetings ;  but,  during  such 
portion  of  any  meeting  as  may  be  devoted  to  any  business  connected 
with  the  management  of  the  Institution,  visitors  shall  be  requested 
by  the  Chairman  to  withdraw,  if  any  Member  or  Associate  Member 
asks  that  this  shall  be  done. 
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36.  Every  Member,  Associate  Member,  Graduate,  Associate,  or 
Visitor,  shall  write  his  name  and  residence  in  a  book  to  be  kept 
for  the  purpose,  on  entering  each  Meeting. 

37.  The  President  shall  ex  ofl&cio  be  member  of  all  Committees 
of  Coimcil. 

38.  Seven  clear  days'  notice  at  least  shall  be  given  of  every 
meeting  of  the  Council.  Such  notice  shall  specify  generally  the 
business  to  be  transacted  by  the  meeting.  No  business  involving 
the  expenditure  of  the  funds  of  the  Institution  (except  by  way  of 
payment  of  current  salaries  and  accounts)  shall  be  transacted  at 
any  Council  meeting  unless  specified  in  the  notice  convening  the 
meeting. 

39.  The  Council  shall  present  the  yearly  accounts  to  the  Annual 
General  Meeting,  after  being  audited  by  a  professional  accountant, 
who  shall  be  appointed  annually  by  the  Members  and  Associate 
Members  at  a  General  or  a  Special  Meeting,  at  a  remuneration  to  be 
then  fixed  by  the  Members  and  Associate  Members. 

40.  Any  member  wishing  to  have  a  copy  of  the  Papers  sent  to 
him  for  consideration  beforehand  can  do  so  by  sending  in  his  name 
once  in  each  year  to  the  Secretary ;  and  a  copy  of  all  Papers  shall 
then  be  forwarded  to  him  as  early  as  possible  prior  to  the  date  of  the 
Meeting  at  which  they  are  intended  to  be  read. 

41.  At  any  Meeting  of  the  Institution  any  member  shall  be  at 
liberty  to  re-open  the  discussion  upon  any  Paper  which  has  been 
read  or  discussed  at  the  preceding  Meeting;  provided  that  he 
signifies  his  intention  to  the  Secretary  at  least  one  month  previously 
to  the  Meeting,  and  that  the  Council  decide  to  include  it  in  the 
notice  of  the  Meeting  as  part  of  the  business  to  be  transacted. 
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APPENDIX. 


FOEM  A. 

Mr.  being  years  of  age,  and  desirous  of  admission 

into  the  Institution  of  Mechanical  Engineers,  we,  the  undersigned  proposer 
and  seconder  from  oxir  personal  knowledge,  and  the  three  other  signers  from 
trustworthy  information,  propose  and  recommend  him  as  a  proper  person  to 
belong  to  the  Institution. 

Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FOEM  B. 

Mr.  born  on  being  desirous 

of    admission   into    the    Institution    of    Mechanical    Engineers,    we,    the 
undersigned  proposer  and    seconder    from    our    personal    knowledge,    and 
the    other  signer   or   signers    from  trustworthy   information,   propose   and 
recommend  him  as  a  proper  person  to  become  a  Graduate  thereof. 
Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FOEM  C. 

If  elected  an  of  the  Institution  of  Mechanical  Engineers, 

I,  the  undersigned,  do  hereby  engage  to  ratify  my  election  by  signing  the 
form  of  agreement  and  paying  the  entrance  fee  and  annual  subscription 
in  conformity  with  the  By-laws. 

Witness  my  hand,  this  day  of 


FOEM  D. 

« 
Sir, — I  have  to  inform  you  that  on  the  you 

were  elected  a  of  the  Institution  of  Mechanical  Engineers. 

For  the  ratification  of  your  election  in  conformity  with  the  rules,  it  is 
requisite  that  the  enclosed  form  be  returned  to  me  with  your  signature,  and 
that  your  Entrance  Fee  and  first  Annual  Subscription  be  paid,  the  amounts 
of  which  are  and  respectively.     If  these  be  not  received 

within  two  months  from  the  present  date,  the  election  will  become  void. 
I  am.  Sir,  Your  obedient  servant, 

Secretary. 
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FOEM  E. 

I,  the  undersigned,  being  elected  a  of  the 

Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  are  now  formed  or  as 
they  may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the 
Institution  as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings 
thereof  as  often  as  I  conveniently  can:  provided  that,  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  from 
the  Institution,  I  shall  (after  the  payment  of  any  arrears  which  may  be  due 
by  me  at  that  period)  be  free  from  this  obligation. 

Witness  my  hand,  this  day  of 

FOEM  F. 
Mr.  being  years  of  age,  and  desirous  of  being 

transferred  into  the  class  of  of  the  Institution  of 

Mechanical  Engineers,  we,  the  undersigned,  from   our  personal  knowledge 
recommend  him  as  a  proper  person  to  be  so  transferred  by  the  Council. 
Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FOEM  G. 

Sir, — I  have  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  of  the  Institution  of  Mechanical 

Engineers.     For  the  ratification  of  your  transference  in  conformity  with  the 
rules,  it  is  requisite   that  the  enclosed  form  be  returned  to  me  with  your 
signature,  and  that  your  additional  Entrance  Fee  and  additional  Annual 
Subscription  for  the  current  year  be  paid,  the  amounts  of  which  are 
and  respectively.     If  these  be  not  received  within  two  months 

from  the  present  date,  the  transference  will  become  void. 

I  am,  Sir,  Your  obedient  servant. 

Secretary. 

FOEM  H. 

I,  the  undersigned,  having  been  transferred  to  the  class  of  of  the 

Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regiilations  of  the  said  Institution,  as  they  now  exist,  or  as  they 
naay  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the  Institution 
as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings  thereof  as  often 
as  I  conveniently  can  :  provided  that,  whenever  I  shall  signify  in  writing  to 
the  Secretary  that  I  am  desirous  of  withdrawing  from  the  Institution,  I  shall 
(after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that  period) 
be  free  from  this  obligation. 

Witness  my  hand,  this  day  of 


Feb.  1894. 
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The  Forty-Seventh  Annual  General  Meeting  of  the  Institution 
was  held  in  the  rooms  of  the  Institution  of  Civil  Engineers,  London, 
on  Thursday,  1st  February  1894,  at  Half-past  Seven  o'clock  p.m. ; 
Dr.  William  Anderson,  F.R.S.,  Eetiring  President,  in  the  chair, 
succeeded  by  Professor  Alexander  B.  W.  Kennedy,  F.R.S.,  President 
elected  at  the  Meeting. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  twenty-four  candidates  were  found  to  be  duly 
elected : — 


Brindley,  George  Samuel, 
Cottrill,  John  Ormerod, 
Haigh,  Noel  Newall,    . 
Harrison,  William  John, 
HoPKiNsoN,  Edward,  D.Sc, 
HuMPiDGE,  James  Dickerson, 
Irwin,  Thomas  F., 
Mackie,  John, 
Mather,  George  Eadford, 
Pearce,  Robert  McLaudy, 
Riley,  Joseph  Hacking, 


Birmingham. 

Bolton. 

Oldham. 

Brazil. 

Manchester. 

Dudbridge. 

Liverpool. 

Reading. 

Wellingborough. 

Jamalpur. 

Bury,  Lanes. 


ELECTION    OF   NEW    MEMBERS. 
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TuENEE,  Albert,  . 
Webb,  Henet, 
WoESDELL,  Wilson, 


Manchester. 
Bury,  Lanes. 
Gateshead. 


ASSOCIATE    MEMBBES. 

Graham,  Maurice,  .  .  .  London. 

Kerslake,  Waltee  Edmund,   .  .  Liverpool. 

McGeoege,  James,  .  .  .  Eangoon. 

Eossitee,  James  Thomas,         .  .  London. 

Stone,  Sidney,      ....  London. 

Thorpe,  Walter  Charles,      .  .  Nottingham. 

graduates. 

Barber,  Edward  Whitley,     .  .  Manchester. 

Halsey,  Charles  Turner,       .  .  London. 

Johnson,  Walter  Wroe,  .  Leeds. 

Pettee,  Percival  Waddams,  .  .  YeoviL 


The  following  Annual  Eeport  of  the  Council  was  then  read : — 
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Tills  is  the  Forty-Seventli  Animal  General  Meeting  of  the 
Institution ;  and  the  Annual  Eeport  which  the  Council  have  the 
pleasure  of  presenting 'to  the  Members  respecting  the  proceedings 
of  the  Institution  during  the  past  year  is  as  follows. 

At  the  end  of  last  year  the  number  of  names  in  all  classes  on  the 
roll  of  the  Institution  was  2,157,  as  compared  with  2,147  at  the  end 
of  the  previous  year,  showing  a  net  gain  of  10.  During  1893  there 
were  added  to  the  register  106  names ;  against  which  the  loss  by 
decease  was  31,  and  by  resignation  or  removal  65. 

During  the  past  year  a  baronetcy  has  been  conferred  upon 
Sir  Frederick  A.  Abel,  K.C.B.,  Honorary  Life  Member  of  the 
Institution. 


The  following  nine  Transferences  have  been  made  by  the  Council 

in  1893  :— 

To  the  class  of  Members. 
Burnet,  Lindsay, 
DuGARD,  William  Henry, 
Malan,  Ernest  de  Merindol, 
KiPLEY,  PmLip  Edward, 
Treharne,  Gwilym  Alexander, 


Day,  Arthur  Godfrey, 
Barker,  Eric  Gordon,  . 
Bromly,  Alfred  Hammond,  . 
Crosland,  Delevante  William, 


.    Graduate 

Glasgow. 

do. 

Birmiugham. 

do. 

Hull. 

do. 

Ipswich. 

do. 

Aberdare. 

ssociate  Members 

,    Associate 

Bath. 

.     Graduate 

Birkenhead. 

do. 

Llanuwchlljn. 

do. 

Loudon. 
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The  following  thirty-two  Deceases  of  Members  of  the  Institution 
have  occurred  during  the  past  year : — 

Adamson,  Thomas  Alfred, 
Allen,  Alfred  Evans, 
BoBNS,  Georg  Maximilian,   . 
Breeden,  Joseph, 

Brotherhood,  Arthur  IIaudslat, 
Carrick,  SAiiuEL  Stewart, 


Carver,  Henry  Clifton, 

Colquhoun,  James, 

CowpER,  Edward  Alfred, 

Cross,  Egbert  James,  . 

Davis,  Joseph, 

Dubs,  Henry  John  Sillabs, 

Elliot,  Sib  George,  Bart., 

Fenton,  James, 

Foster,  Frederick, 

Hawksley,  Thomas,  F.E.S., 

Holt,  Francis,    . 

Homer,  Charles  James, 

Keeling,  Herbert  Howard, 

Laird,  Henry  Htndman, 

LoNGSDON,  Alfred  (Associate), 

Macnee,  Daniel, 

Nettlefold,  Hugh, 

North,  George,   . 

Kodger,  "William, 

Sinclair,  Eobert  Cooper,    . 

Stringer,  William, 

TiLFOUBD,  George  (Associate,  deceased  1892 

Turner,  George  Eeynolds, 

"Walker,  Ealph  Teasdale  (Graduate), 

Warsop,  Henry, 

Wright,  Joseph,  .... 

Of  these  Mr.  Cowper  had  been  a  Member  of  the  Institution  and 
a  Member  of  Council  from  the  commencement  in  1847,  and  occupied 
the  Presidential  chair  in  the  years  1880  and  1881.  Mr.  Hawksley, 
who  died  at  the  advanced  age  of  eighty-six,  had  been  a  Member 
of  the  Institution  from  1856,  and  President  in  1876  and  1877 
Mr.  Laird  had  been  a  Member  of  Council  from  1877  to  1879. 


London. 

Hull. 

Masterton,  N.Z. 

Birmingham. 

London. 

London. 

Manchester. 

"Weston-super-Mare. 

London. 

Bristol. 

Manchester. 

Glasgow. 

Houghton-le-Spring. 

London. 

London. 

London. 

Derby. 

Stoke-upon-Trent. 

Eltham. 

Birkenhead. 

Loudon. 

London. 

Birmingham. 

London. 

Bombay. 

London. 

Manchester. 

Sheffield. 

Nottingham. 

Java. 

Nottingham. 

"\\'estminster. 
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The  following  thirty-five  gentlemen  have  ceased  to  be  Members 
of  the  Institution  during  the  past  year : — 


Bailey,  Charles  Sttjaet, 
Bennetts,  Edward  John, 

BOULTBEE,   FkEDEEIC  EiCHABD, 

Bradley,  Isaac,     .... 

Bricknell,  Augustus  Lea,     . 

Brown,  Frederick  Gills, 

Chubb,  Edward  George  (Associate), 

Chubb,  Thomas  Lyon,  . 

Clarke,  Francis,   .... 

Crossley,  William, 

Emett,  George  Henry  Hawkins,  . 

England,  AVilliam  Henry  (Graduate), 

Harker,  Harold  Hayes, 

Headly,  Lawrance, 

Knox,  James, 

Lee,  Charles  Eyre, 

Lindsay,  Joseph,  . 

Livesey,  Joseph  Montague  (Associate), 

May,  Harold  Milton  (Graduate), 

McLean,  William  Leckie  Ewing, 

Monk,  Edwin,         .... 

Nicolson,  Donald, 

O'Flyn,  John  Lucius,    . 

Pudan,  Oliver,     . 

Eeeves,  Frank,     . 

Eiches,  Charles  Hurry, 

Eiches,  Glenford  Mitchell, 

Eobins,  Edward,  . 

Scott,  Egbert, 

Smith,  Henry  Buckley  Bingham  (Graduate), 

Templeton,  Edwin  Arthur  Slade  (Graduate), 

Whittle,  John,     ...... 

Woodford,  Ethelbert  George, 

Wynne-Edwards,  Thomas  Aluked, 

Yates,  Edward  (Graduate),  .... 


North  Carolina,  U.S. 

Krugersdorp. 

London. 

Birmingham. 

London. 

London. 

Ironbridge. 

Buenos  Aires. 

Canterbury. 

Glasgow. 

Dewsbury. 

Leeds. 

Eio  de  Janeiro. 

Cambridge. 

Auckland,  N.Z. 

Birmingham. 

Dundee. 

Horncastle. 

Totnes. 

Eenfrew. 

Loudon. 

London. 

Cardiff. 

Johnstown,  U.S. 

Buenos  Aires. 

Cardiff. 

Grimsby. 

London. 

London. 

Glasgow. 

London. 

Chorley. 

Port  Beira. 

Denbigh. 

Stony  Stratford. 


In   addition    to   these   there   have   been   thirty  Eesignatious    of 
membership. 
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The  Accounts  for  the  year  ending  31  December  1893  are  now 
submitted  to  the  Members  (see  pages  10-18),  after  having  been 
passed  by  the  Finance  Committee,  and  certified  by  Mr.  Eobert  A. 
McLean,  chartered  accountant,  the  auditor  appointed  by  the  Members 
at  the  last  Annual  General  Meeting.  The  receipts  during  the  year 
were  £7,030  lis.  4.d.,  while  the  expenditure,  actual  and  estimated, 
was  £5,257  12s.  Sd.,  leaving  a  balance  of  receipts  over  expenditure 
of  £1,772  18s.  8d.  The  financial  position  of  the  Institution  at  the 
end  of  the  year  is  shown  by  the  balance  sheet :  the  total  investments 
and  other  assets  amount  to  £35,913  18s.  lid. ;  and  allowing  £600  for 
accounts  owing  but  not  yet  rendered,  the  capital  of  the  Institution 
amounts  to  £35,313  18s.  lid.,  of  which  the  greater  part,  as  seen 
from  the  balance  sheet,  is  invested  in  Eailway  Debenture  Stocks, 
registered  in  the  name  of  the  Institution.  The  certificates  of  the 
whole  of  the  securities  have  been  duly  audited  by  the  Finance 
Committee  and  the  auditor. 

With  a  view  to  relieving  the  Finance  Committee  from  a 
considerable  amount  of  routine  work,  which  has  hitherto  taxed 
somewhat  heavily  their  time  and  convenience,  while  pertaining 
more  properly  to  the  auditor's  duties,  the  Council  have  now  arranged 
that  in  future  the  audit  shall  be  half-yearly  instead  of  yearly.  In 
this  connection  they  have  also  taken  into  consideration  the  fact  that 
the  amount  of  work  involved  in  the  existing  annual  audit  has  largely 
increased  since  it  was  originally  undertaken  by  the  present  auditor 
sixteen  years  ago,  the  number  of  members  being  now  nearly  double 
what  it  was  then.  Under  these  circumstances  the  Council  recommend 
that  the  previous  remuneration  of  ten  guineas  be  increased  to 
twenty-five  guineas,  agreeably  with  the  notice  already  circulated  for 
the  annual  appointment  of  auditor,  to  be  made  by  the  Members 
at  the  present  meeting  in  accordance  with  By-law  39. 

In  view  of  the  increasing  number  of  those  who  have  been 
Members  of  the  Institution  for  a  lengthened  j)eriod,  the  Council 
have  had  under  their  further  consideration  during  the  past  year  the 
subject  of  Compounding  for  Life  Membership.  As  the  result  of 
their  enquiries  and  deliberations  they  have  decided  to  propose  at  the 
present  meeting  an  alteration  of  the  existing  By-law,  in  accordance 
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•with  the  notice  already  given  to  this  effect,  whereby  the  amount  of 
the  composition  will  continually  diminish  as  the  duration  of 
membership  becomes  longer. 

The  Alloys  Eesearch  Committee,  of  which  the  President  is  the 
chairman,  received  from  Professor  Eoberts- Austen  his  second  report, 
which  was  read  and  discussed  at  the  Spring  Meeting.  A  large 
portion  of  the  report  was  devoted  to  Copper,  and  the  discussion  was 
the  means  of  eliciting  much  valuable  information  from  those  who 
have  had  long  practical  experience  in  the  working  of  this  metal. 

The  Eesearch  Committee  on  the  Value  of  the  Steam-jacket, 
since  the  presentation  of  their  second  report  in  October  1892,  have 
been  continuing  their  experiments  during  the  past  year  under  the 
chairmanship  of  Mr.  Henry  Davey ;  and  the  results  obtained  are 
in  progress  of  being  worked  out  with  a  view  to  the  preparation  of  a 
third  report  as  soon  as  the  materials  available  have  been  put  into 
suitable  shape. 

The  series  of  Marine-Engine  Trials  carried  out  by  the  Eesearch 
Committee  under  the  chairmanship  of  Professor  Kennedy  have  been 
summarised  and  reviewed  by  Professor  Beare,  whose  paper  dealing 
with  them  in  this  manner  is  announced  for  reading  and  discussion  at 
the  present  meeting. 

The  Library  of  the  Institution  has  received  by  presentation  and 
exchange  during  the  past  year  the  additions  enumerated  in  pages 
14-22,  for  which  the  Council  here  record  their  thanks  to  the  several 
Donors.  Members  who  have  published  works  valuable  for  reference, 
or  original  pamphlets  on  engineering  subjects,  or  records  of 
experiments,  of  which  they  could  present  copies,  are  reminded  that 
such  contributions  to  the  Library  are  acceptable  for  permanent 
preservation. 

The  General  Meetings  in  1893  were  the  Annual  General  Meeting 
and  the  Spring  Meeting,  both  held  in  London  ;  the  Summer  Meeting 
in  Middlesbrough  ;  and  the  Autumn  Meeting  in  London.    Altogether 
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eight  sittings  were  occupied  in  the  reading  and  discussion  of  ten 
of  the  following  Papers,  which  are  published  in  the  Proceedings : — 

Description  of  the  Experimental  Apparatus  and  Shaping   Machine  for  Ship 

Models  at  the  Admiralty  Experiment  Works,  Haslar ;  by  Mr.  R.  Edmund 

Froude. 
Description  of  the  Pumping  Engines  and  Water-Softening  Machinery  at  the 

Southampton  Water  Works  ;  by  Mr.  William  Matthews. 
Second  Report  to  the  Alloys  Research  Committee  ;  by  Professor  W.  C.  Roberts- 
Austen,  C.B.,  F.R.S. 
Tensile  Tests  and  Chemical  Analyses  of  Copper  Plates  from  Fire-boxes  of 

Locomotives  on  the  Great  Western  Railway ;  by  Mr.  William  Dean. 
Experiments  on  the  Draught  produced  in  different  parts  of  a  Locomotive  Boiler 

when  running ;  bj'  Mr.  John  A.  F.  Aspiuall. 
On  recent  developments  in  the  Cleveland   Iron  and  Steel  Industries  ;  by  Mr. 

Jeremiah  Head,  Past-President. 
On  the  Middlesbrough  Salt  Industry  ;  by  Mr.  Richard  Grigg. 
Description  of    the   Electric    Rock-Drilling    Machinery  at   the    Carlin   How 

Ironstone  Mines  in  Cleveland  ;  by  Mr.  A.  L.  Steavenson. 
On  some  Engineering  Improvements  in   the   River  Tees ;   by  Mr.  George  J. 

Clarke. 
The  Port  and  Industries  of  the  Hartlepools  ;  by  Mr.  Thomas  Mudd. 
On  the  Artificial  Lighting  of  Workshops  ;  by  Mr.  Benjamin  A.  Dobson. 
On  the  Working  of  Steam  Pumps  on  the  Russian  South  Western  Railways  ;  by 

Mr.  Alexander  Borodin. 
Experiments  on  Heat  Losses  from  Dry  and  Wet  Cylinder  Walls  exposed  to  a 

Vacuum,  &c. ;  by  Mr.  Bryan  Donkin. 

The  attendances  during  1893  were  as  follows: — at  the  Annual 
General  Meeting  103  Members  and  35  Visitors ;  at  the  Spring 
Meeting  68  Members  and  53  Visitors ;  at  the  Summer  Meeting 
174  Members  and  123  Visitors;  and  at  the  Autumn  Meeting  81 
Members  and  54  Visitors. 

The  Summer  Meeting  was  held  for  the  second  time  in 
Middlesbrough,  after  an  interval  of  twenty-two  years  since  the 
previous  visit  in  1871.  A  review  of  the  developments  which  have 
taken  place  during  that  period  in  the  leading  industries  of  the 
Cleveland  district  formed  the  subject  of  an  elaborate  paper  prepared 
for  the  occasion  by  Mr.  Jeremiah  Head,  Past-President,  giving  rise 
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to  valuable  discussion  upon  some  of  the  numerous  matters  of 
interest  dealt  with  therein,  and  enabling  the  Members  more  fully  to 
appreciate  the  opportunities  afforded  them  of  visiting  the  blast- 
furnaces, iron  and  steel  works,  and  other  engineering  establishments 
opened  to  their  inspection.  To  Mr.  Head  also,  as  Chairman  of  the 
Reception  Committee,  with  the  assistance  of  his  son  Mr.  Archibald 
P.  Head,  and  of  Mr.  John  Dennington  as  Honorary  Secretary,  were 
due  the  obliging  arrangements  for  the  convenience  and  enjoyment  of 
the  Members ;  while  through  the  kindness  of  the  Mayor,  Charles 
Lowthian  Bell,  Esq.,  the  Town  Hall  was  placed  at  the  disposal  of 
the  Institution  for  the  Meeting  and  for  all  purposes  connected 
therewith.  Visits  to  the  Port  Clarence  Salt  Works,  the  Ironstone 
Mines,  the  South  Gare  Breakwater,  and  the  Tees  Estuary,  were 
rendered  all  the  more  interesting  by  the  descriptions  given  of  these 
works  in  papers  contributed  by  Mr.  Richard  Grigg,  Mr.  A.  L. 
Steavenson.  and  Mr.  George  J.  Clarke.  An  excursion  was  also 
made  to  Thornaby  for  visiting  the  principal  engineering  and  other 
works  there  situated. 

A  visit  to  Hartlepool,  arranged  by  the  kindness  of  Mr.  Thomas 
Mudd  as  Honorary  Secretary,  afforded  a  welcome  ojiportunity  on  the 
concluding  day  of  the  Meeting  for  realising  the  rapid  growth  of  the 
port  and  industries  of  the  Hartlepools,  the  interest  of  which  was 
enhanced  by  a  succinct  description  prepared  for  the  occasion  by 
Mr.  Mudd.  This  excursion  was  made  by  steamers  from  Stockton 
and  Middlesbrough  on  the  invitation  of  the  Tees  Conservancy 
Commissioners ;  and  the  Members  were  indebted  to  the  invitation  of 
the  Directors  of  the  North  Eastern  Railway  for  the  trains  placed  at 
their  disposal  throughout  the  preceding  days  of  the  Meeting. 

In  accordance  with  the  Rules  of  the  Institution,  the  President, 
two  Vice-Presidents,  and  five  Members  of  Council,  retire  from  office 
this  day.  The  result  of  the  ballot  for  the  election  of  the  Council 
for  the  present  year  will  be  announced  to  the  Meeting. 
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Br.         ACCOUNT  OF  EXPENDITURE  AND  EECEIPTS 

Expenditure.  £      «•  d. 
£     s.     d. 
To  Printing  and  Engraving  Proceedings  of  1893  .             960  12    3 

Less  Authors'  Copies  of  Papers,  repaid  ....           220  958  10  3 

„  Stationery  and  General  Printing 199     5  3 

„  Binding 73    9  2 

„  Kent 710     0  0 

„  Salaries  and  Wages 2,043  16  0 

„  Coal,  Firewood,  and  Lighting 34     2  6 

„  Fittings  and  Kepairs 147     5  1 

„  Postages,  Telegrams,  and  Telephone 266  15  1 

„  Insurance 706 

„  Petty  Expenses 32    3  1 

„  Meeting  Expenses — 

Printing 167  12  10 

Beportii^g 48  13    6 

Diagrams,  Screen,  &c 42    5    0 

Travelling  and  Incidental  Expenses    ....       132     5     7  390  16  11 

„  Dinner  Guests 153    8  0 

„  Eesearch 224  15  4 

„  Books  purchased 16    5  6 

5,257  12  8 

Accounts  owing,  not  yet  rendered,  say 600    0    0 

Leas  Eeserve  in  previous  year  for  accounts  since  paid        600    0    0  0    0  0 

Balance,  being  excess  of  Receipts  over  Expenditure,  carried  down  1,772  18  8 

£7,030  11  4 


To  Investment — 

£2,272  14s.  Lidia  3%  Stock 2,250    0    0 

Less  Balance  from  conversion  of  L.  &  N.W.  Ey. 

Stock 068  2,249  13    4 

Cash  Balance  31st  December  1893 2,487  18  11 

£4,737  12    3 
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rOE  THE  YEAE  ENDING  31st  DECEMBEE  1893.  Cr. 

Eeceipts.  £       s.   d. 

By  Entrance  Fees —  £       8.  d. 

53  New  Memhtrs  at  £2 106     0  0 

35  New  Associate  Members  at  £1       ....  35     0  0 

4  New  Associates  at  £1 4     0  0 

5  Graduates  transferred  to  Members  at  £1      .  5    0  0      150    0    0 

„   Subscriptions  for  1893 — 

1656  Members  at  £3 4,968     0  0 

35  Associate  Members  at  £2  10s 87  10  0 

66  Associates  at  £2  10s 165     0  0 

132  Graduates  at  £1  10s.  ...       198     0     0 

5  Graduates  rebate  at  10s.    .      .           2  10     0  195  10  0 

5  Graduates  transferred  to  Members  at  £1  10s.  7  10  0 
3  Graduates  transferred  to  Associate  Members 

at£l 3    0  0  5,426  10    0 

„   Subscriptions  in  arrear — 

69  Members  at  £3 207     0  0 

1  Associate  at  £3 3    0  0 

8  Graduates  at  £2 16    0  0     226    0    0 

„    Subscriptions  in  advance — 

28  Members  at  £3 84     0  0 

2  Graduates  at  £1  lOs 3     0  0       87     0     0 

„  Interest — 

From  Investments 804    0  3 

From  Whitworth  Bequest 234     1  0 

From  Bank 39  17  1  1,077  18     4 

„  Reports  of  Proceedings — 

Extra  CJopies  sold 63    3    0 

£7,030  11     4 


By  Balance  brought  down 1,772  18    8 

Cash  Balance  31st  December  1892 2,964  13    7 


£4,737  12    3 
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Dr.  BALANCE  SHEET 

£    8.  d. 
To  Sundry  Creditors — 

Accounts  owing,  not  yet  rendered,  say 600    0    0 


Capital  of  the  Institution  at  this  date        • 35,313  18  11 

(exclusive  of  back  numbers  of  Proceedings,  which  cost  £4,690) 


£35,913  18  11 


Signed  by  the  following  members  of  the  Finance  Com/mittee: — 


WILLIAM  ANDERSON, 
DOUGLAS  GALTON, 


ALEX.  B.  W.  KENNEDY, 
WILLIAM  H.  MAW. 
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AS  AT  31sT  DECEMBEE  1893. 

By  Caali — In  Union  Bank,  on  Deposit      .... 
„         „         „       on  Current  account    . 
In  London  Joint  Stock  Bank      474  19     6 
In  hand 25     0     6 


Cr. 

£      «.    d. 

,6on    0    0 

£      «.    d. 

387  18  11 

500    0    0     2.487  18  11 


Investments— (cost   £24,786  16s.  3d.) 


4%  Debenture  8i 


^r/o 


2,200  North  Eastern  By. 
1,800  Great  Western  „ 
2,244  Great  Eastern  „ 
2,755  Metropolitan  „ 
2,325 

1,000  Aire  and  Calder  Navigation  „ 

*4,237  London  and  North  Western  By.    3% 
3,288  Midland  Bailway  „ 

2,450  Taff  Vale      „ 
2,272  14s.  India  Stock  „ 

700  Sir  J.  Whitworth  and  Co.,  Ld.      5% 
Two  hundred  £10  shares  Sir  J.  Whitworth  and  Co.,  Ld 
The  Market  Value  of  these  investments 

at  31st  Dec.  1893  was  about 

„   Subscriptions  in  Arrear,  probable  value 

„   Office  Furniture  and  Fittings 


ock 


31,523  0  0 
220  0  0 
343    0    0 


„    Library 1,240    0    0 

„  Drawings,  Engravings,  Models,  Specimens,  and  Sculpture      .  100    0    0 

„   Proceedings,  back  numbers  at  cost  £4,690 


£35,913  18  11 


*  Converted  from  previous  £3,178  of  4/j^  Debenture  Stock. 

Audited  and  Certified  by 

ROBERT  A.  McLEAN,  Chartered  Accountant, 

1  Queen  Victoria  Street,  London.  EC. 
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LIST  OF  DONATIONS  TO  LIBEAEY. 


Construction  of  the  Great  Victoria  Bridge  in  Canada,  by  James  Hodges ;  from 

Mr.  J.  Lyons  Sampson. 
Dynamo  Machinery,  by  Dr.  John  Hopkinson ;  from  the  author. 
Theory  of  Structures  and  Strength  of  Materials,  by  Professor  Henry  T.  Bovey; 

from  the  author. 
The  Steam  Engine,  by  D.  K.  Clark ;  from  the  author. 

Practical  Surveying,  by  G.  W.  Usill ;  from  Messrs.  Crosby,  Lockwood  and  Son. 
Handbook  on  the  Steam  Engine,  by  H.  Haeder  and  H.  H.  P.  Powles ;  from 

Messrs.  Crosby,  Lockwood  and  Son. 
The  "Worthington  Pumping  Engine  ;  from  Messrs.  Simpson  and  Co. 
Duty  and  Capacity  Tests  of  Worthington  High-duty  Pumping  Engines ;  from 

the  Worthington  Pumping  Engine  Co. 
Personal  Eecollections  of  Werner  von  Siemens  ;  from  Mr.  Alexander  Siemens. 
Memoir  of  Timothy  Hackworth  ;  from  Mr.  Eobert  Young. 
Portative  Electricity,  by  J.  T.  Niblett ;  from  the  author. 
Popular  Electric  Lighting,  by  Captain  E.  Ironside  Bax ;  froni  the  author. 
Diamonds  and  Gold  in  South  Africa,  by  Theodore  Eexmert ;  from  the  author. 
Marine  Boiler  Management  and  Construction,  by  C.  E.  Stromeyer ;  from  the 

author. 
Students'  Cotton  Spinning  (2nd  ed.  1893),  by  Joseph  Nasmith ;  from  the  author. 
Molesworth's  Pocket-Book  of  Engineering  Formulse,  1893 ;  from  the  authors. 
Illustrated  OflBcial  Handbook  of  the  Cape  and  South  Africa;   from  Messrs. 

W.  Clowes  and  Sons. 
Annual  Eeports  of  the  Chief  of  the  Bureau  of  Steam  Engineering,  United  States 

Navy  Department,  1892  and  1893;  from  the  Bureau. 
Presidential  Address  to  the  Junior  Engineering   Society,   1892,  by  Dr.   John 

Hopkinson  ;  from  the  author. 
Eesearches  on  the  Dry  Concentration  of  the  Sulphides  of  the  Barrier  Eange, 

New  South  Wales,  by  Thomas  Clarkson  ;  from  the  author. 
Report  on  Permanent  Bridge  of  Boats  across  the  Eiver  Eavi  in  the  Punjab 

(Indian  P.W.D,  Serial  No.  28) ;  Completion  Report  of  the  Nagpur  Water 

Works  High  Level  Extension,  1890  (Indian  P.W.D.  Serial  No.  29) ;  from 

the  India  Office. 
Classified    Lists   and   Distribution   Returns  of  Establishment,    Indian   Public 

Works  Department,  to  31  Dec.  1892  and  30  June  1893 ;  from  the  Eegistrar. 
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The  following  from  Mens.  E.  Sauvage  : — Acceleration  des  pieces  a  mouvement 
alternatif  des  IMachines  a  Vapeur ;  Ecoulement  de  I'Eau  des  Chaudieres ; 
Note  siu-  le  service  des  Me'caniciens  et  ChaulFeurs  en  Angleterre ;  Pertes  de 
charge   dans   les   Conduites   d'Eau   d'apres   la   formule  de  M.  Flamant; 
Systeme    Anglais    des    Signaux    de    chemins    de  fer ;    Exploitation    de 
1' Anthracite  en  Pennsylvanie. 
Future  of  British  Engineering,  by  C.  S.  Du  Eiche  Preller  ;  from  the  author. 
Ke'ponse  a  la  brochure  de  M.  Julius  Von  Schutz,  Direeteur  au  Griisonwerk,  sur 
les  Coupoles  et   Cuirasses   allemandes  et  la  contrefa9on   fran5aise;  from 
Mr.  Henry  Chapman. 
Etude  sur  les  pertes  de  charge  de  I'Air  Comprime  et  de  la  Vapeur  dans  lea 

tuyaux  de  conduite,  by  Charles  Ledoux  ;  from  the  author. 
Kapport  de  la  Commission  chargee  de  I'essai  de  la  Locomotive  a  grande  vitesse, 
systeme  Compound-Tandem,   des   Chemins  de  fer   Sud-Ouest   Russes,  by 
Alexander  Borodin ;  from  the  author. 
Cornell  University,  exercises  at  the  opening  of  the  Library  j  Building ;   from 

Sibley  College. 
A£faire  de   Panama :   Plaidoirie  de   M°.   Waldeck-Rousseau  pour   M.   Eiffel ; 
I'Arret  de  la  Cour  de  Paris  du  9  Fe'vrier  1893,  en  ce  qui  concerne  M.  Eiffel  ; 
from  M.  Eiffel. 
Kede  zum  Geburtsfeste  seiner  Majestat  des  Kaisers  und  Konigs  Wilhelm  II  in 
der  Aula  der  Koniglichen  Technischen  Hochschule  zu  Berlin,  26  Januar 
1893  ;  from  the  Rector. 
Adunabration  of  Inventions,  by  G.  G.  M.  Hardingham  ;  from  the  author. 
Second  Report  on  the  development  of  Graphic  Methods  in  Mechanical  Science, 

by  Professor  H.  S.  Hele-Shaw ;  from  the  author. 
Presidential  Address  to  the  Society  of  Engineers,  1893,  by  "W.  A.  Valon  ;  from 

the  author. 
List  of  Chinese  Lighthouses,  Light  Vessels,  Buoys,  and  Beacons,  1893;  from  the 

Inspector-General  of  Chinese  Customs. 
De  la  Vergne   System  of  Refrigerating   and    Ice-Making   Machinery ;    from 

Mr.  L.  Sterne. 
Development  of  the  Machinery  of  Atlantic  Liners,  by  A.  J.  Maginiiis  ;  from  the 

author. 
Petroleum  in  Eastern  Europe,  and  the  method  of  drilling   for  it,  by  A.  W. 

Eastlake ;  from  the  author. 
Duty  Trial  of  Pumping  Engine ;  from  the  Blake  Manufacturing  Co. 
Report  to  London  County  Council  on  the  Flow  of  the  Thames,  by  A.  R.  Biunie ; 

from  the  author. 
Catalogue  of  the  Sanitary  Appliances  at  tlie  Museum  of  the  Hornsoy  Local 

Board,  Highgate ;  from  Mr.  T.  de  Courcy  Meade. 
Condensed  treatise  on  the  Law  of  Patents,  by  W.  E.  Simouds;  from  the  author. 
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Report  to  the  Governors  of  the  City  and  Guilds  of  London  Institute,  April  1893 ; 

from  the  Institute. 
Alloys  of  Iron  and  Chromium,  by  R.  A.  Hadfield;  from  the  author. 
Report  of  Trials  of  Pumping  Engines  at  the  new  Sewage  Pumping  Station, 

Leicester ;  from  Messrs.  Gimson  and  Co. 
Report  to  the  Council  of  the  Neapolitan  Steam  Boiler  Association,  by  Francesco 

Sinigaglia ;  from  the  Association. 
Report  of  the  Kew  Observatory  Committee,  1892  ;  from  the  Committee. 
Modern  Travelling  Crane,  by  A.  E.  Outerbridge,  Jun. ;  from  Messrs.  William 

Sellers  and  Co. 
Clyde  Navigation  :  description  of  new  Dredging  Plant  ;  description  of  130-ton 

Crane  Seat  and  Steam  Crane  on  Finnieston  Quay,  Glasgow  Harbour ;  from 

Mr.  James  Deas. 
Register  of  the  Institute  of  Chemistry  of  Great  Britain  and  Ireland,  1893  ;  from 

the  Institute. 
Proposed  High-level  Roadway  Bridge  across  the  River  Mersey  at  Liverpool ; 

from  Mr.  John  J.  Webster. 
Comparisons    between   the    different   systems  of  distributing  Electricity,   by 

Professor  Henry  Robinson  ;  from  the  author. 
Present  development  of  Heavy  Ordnance  in  the  United  States,  by  Lieut.  W.  H. 

Jaques ;  from  the  author. 
Du  Role  et   de    I'Efficacite    des  Enveloppes   de  Vapeur   dans  les   machines 

compound,  by  A.  Witz  ;  from  the  author. 
Friction  of  Lubricated  Bearings,  by  J.  Hartley  Wicksteed;  from  the  author. 
Comparative  Tests  of  Hellesen  and  Electrical  Construction   Co.'s  Dry  Battery 

Cells,  by  Professor  A.  Jamieson ;  from  the  author. 
The  following  from  the  Ordnance  Office,  Washington,  United  States  : — Annual 

Report   of  the  United   States  Chief  of  Ordnance,   1892 ;    Notes  on  the 

Construction  of  Ordnance;  Tests   of  Metals  &c.  at  Watertown  Arsenal, 

Massachusetts,  1891  and  1892 ;   Report  of  the  Board  of  Officers  to  select 

Magazine  Arms  for  the  United  States  Military  Service. 
Thermal  Storage  :  reports  and  press  notices,  and  reports  by  William  Schonheyder ; 

from  Mr.  Druitt  Halpin. 
Report  of  Sewer  Commissioners,  Canton,  Ohio ;  from  Mr.  L.  E.  Chapin. 
Lightning  Express  Railway  Service,  by  F.  B.  Behr ;  from  the  author. 
Possible  and  Impossible  Economies  in  the  Utilisation  of  Energy,  by  Professor 

Alexander  B.  W.  Kennedy ;  from  the  author. 
Calendar  of  Sibpur  CivU  Engineering  College,  India,  1893  ;  from  the  College. 
Drilling  apparatus  for  Water  and  Gas  Mains,  by  H.  W.  Pearson ;  from  the 

author. 
Das  Hangen  der  Gichten  in  den  Hochofen  ;  from  Mr.  Charles  Cochrane . 
Die  Verbreimung  im  Gestell  des  Hochofens ;  from  Mr.  Charles  Cochrane. 
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Massachusetts  Institute  of  Technology,  Boston,  its  foundation,  character,  and 

equipment ;  from  the  Institute. 
Report  of  the  Hydraulic  Engineer  on  the  Water  Supply  of  Queensland;  from 

Mr.  J.  B.  Henderson. 
Metal  Industries  of  Eussia,  by  Professor  N.  Labzin ;  from  the  author. 
The  following  ofBcial  publications  from  the  Government  of  New  South  Wales : — 

Annual  statement  of  works  carried  out  by  Public  Works  Department,  1891 ; 

Fifth  Annual  Report  of  the  Metropolitan  Board   of  Water   Supply  and 

Sewerage,  1892 ;  Report  on  Utilisation  of  the  River  Darling ;  Wealth  and 

Progress  of  New  South  Wales,  1892,  by  T.  A.  Coghlan. 
Presidential  Address    to    the    Meclianical    Science    Section    of    the    British 

Association,  1893,  by  Jeremiah  Head ;  from  the  author. 
Manufacture  and  Testing  of  Portland  Cement,  by  Henry  Faija ;  from  the  author. 
Warming  and  Ventilation,  by  Frank  Ashwell ;  from  the  author. 
Formal  Opening  of  the  Enginoering  and  Physics  Buildings,  McGill  University ; 

from  Professor  Henry  T.  Bovey. 
Some  aspects  of  Lubrication,  by  J.  Veitch  Wilson ;  from  Price's  Candle  Co. 
Official  Catalogue  of  the  British  Section,  Chicago  Exhibition,  1893 ;  from  the 

Royal  Commission. 
Handbooks  of  Commercial  Products,  Indian  Section,  Iron  (No.  8)  and  Indian 

Coal  (No.  9) ;  from  the  Imperial  Institute. 
Notes  on  the  Progress  of  Lighthouses,  by  David  A.  Stevenson  ;  from  the  author. 
Report  on  Trials  of  the  City  Gas  Engine,  by  R.  B.  Hodgson  and  Benjamin 

Young ;  from  Mr.  R.  B.  Hodgson. 
Considerations  sin:  le  Re'gulateur  de  Watt  &c.,  by  N.   J.  Raffard;   from  the 

author. 
Minutes  of  Proceedings  of  the  International  Maritime  Congress,  London,  1893  ; 

from  the  Congress. 
First  Steam  Screw-Propeller  Boats  to  Navigate  the  waters  of  any  country,  by 

F.  B.  Stevens ;  from  the  author. 
Bradford  Corporation  Electricity  Supply,  1890-93,   by  J.  N.  Shoolbred;  from 

the  author. 
Interdependence  of  Abstract  Science  and  Engineering  (James  Forrest  Lecture 

1893),  by  Dr.  William  Anderson ;  from  the  Institution  of  Civil  Engineers. 
Calcul  de  I'Epaisseur  des  Chaudieres  a  Vapeur,  by  Francesco  Sinigaglia ;  from 

the  author. 
Iron  Alloys  with  special  reference  to  Manganese  Steel,  by  R.  A.  Hadfield  ;  from 

the  author. 
Board  of  Trade  Reports  on  Boiler  Explosions  ;  from  the  Board  of  Trade. 
Annual  Report  of  the   City   Engineer,    Newton,    Massachusetts,   1892 ;    from 

Mr.  Henry  Chapman. 
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Contract   Trial  of  the  U.S.S.   "  New   York,"   by  B.  E.  Freeman  and  M.  A. 

Anderson  ;  from  Mr.  Henry  Chapman. 
Calendars  for  1893-94   from  the   following  Colleges: — Eoyal  Technical  High 

School,  Berlin ;  Mason  Science  College,  Birmingham  ;  University  College, 

Bristol;    Yorkshire    College,    Leeds;    City   of   London    College;    King's 

College,  London;  Firth  College,  Sheffield. 
Gas  Engineer's  Pocket  Almanack,  1893  ;  from  Messrs.  William  Sugg  and  Co. 
Lockwood's  Builder's  and  Contractor's  price-book,  1893 ;  from  Messrs.  Crosby, 

Lockwood  aad  Son. 
Advertiser's  A.  B.  C.  of  official  scales  and  Advertisement  Press  Directory,  1893 ; 

from  Mr.  T.  B.  Browne. 
Griffin's  Electrical  Engineer's  price-book  ;  from  the  publishers. 
Spons'  Engineers'  and  Contractors'  Diary  and  Reference  Book,  189i ;  from  the 

publishers. 
Illustrated  catalogue   of   Steel  and    L-on   Wire  Ropes;   from  Messrs.  George 

Cradock  and  Co. 
Three  catalogues  of  Electric  Lamps,  Fittings,  and  Instruments ;  from  Messrs. 

Edison  and  Swan. 
Illustrated  price-list  of  Wrought-Irou  Pulleys,  Shafting,  and  Friction  Couplings  ; 

from  Messrs.  J.  Bagshaw  and  Sons. 
Catalogue  of  Testing  Machines   and  Appliances ;   from  the   Riehle'    Testing 

Machine  Co. 
Catalogue  of  Mathematical  Instruments  ;  from  Mr.  W.  F.  Stanley. 
Catalogue  of  Iron  and  Wire  Fencing  ;  from  Messrs.  David  Rowell  and  Co. 
Ironmonger  Diary,  1894  ;  from  the  publishers. 


From  the  United  States  Geological  Survey. 
Eleventh  Annual  Report  (two  parts)  of  the  United  States  Geological  Survey, 

1889-90,  by  J.  W.  Powell. 
Mineral  Resources  of  the  United  States,  1891. 

Bulletins  of  the  United  States  Geological  Survey,  Nos.  82-86  and  90-96. 
The  foUowmg  three  Monographs  of  the  Survey  : — 
XVII.  The  Flora  of  the  Dakota  Group,  by  Leo  Lesquereux. 
XVIII.  Gasteropoda  and  Cephalopoda  of  the  Raritan  Clays  and  Greensand  Marls 
of  New  Jersey,  by  Robert  Parr  Whitfield. 
XX.  Geology  of  the  Eureka  District,  Nevada  (with  Atlas),  by  Arnold  Hague. 
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From  the  Patent  Office. 
The    following    Abridgments    of    Specifications    of  Patents    for    Inventions, 
1877-83:— Classes  3-8,  10,  11,  13, 16,  18,  19,  21,23-27,  29-34,  42,  44-52,  54, 
55,  57,  58,  62,  64-71,  73-81,  81^89,  91,  93-97,  99-111,  113-118,  120-124, 
126-135,  137-140,  142-146. 


The  following  Publications  from  the  respective  Societies  and  Authorities ; — 

Reports  of  the  Academy  of  Science,  France. 

Engravings  from  the  Ecole  des  Fonts  et  Chausse'es,  Paris. 

Annales  des  Fonts  et  Chaussees,  Paris. 

Proceedings  of  the  French  Institution  of  Civil  Engineers. 

Journal  of  the  French  Society  for  the  Encouragement  of  National  Industry. 

Annales  des  Mines. 

Annales  du  Conservatoire  des  Arts  et  Metiers. 

Journal  of  the  Marseilles  Scientific  and  Industrial  Society. 

Proceedings  of  the  Industrial  Society  of  St.  Quentin  et  de  I'Aisne. 

Proceedings  of  the  Industrial  Society  of  the  North  of  France. 

Proceedings  of  the  Industrial  Society  of  Rouen. 

Proceedings  of  the  Industrial  Society  of  Mulhouse. 

Annals  of  the  Association  of  Engineers  of  Ghent. 

Proceedings  of  the  Society  of  German  Engineers. 

Reports  of  the  Royal  Academy  of  Science,  Belgium. 

Reports  of  the  Royal  Institute  of  Engineers,  Holland. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Canton  Vaud. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Austria. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Prague. 

Proceedings  of  the  Architects'  and  Engineers'  Society  of  Hannover. 

Proceedings  of  the  Italian  Engineers'  and  Architects'  Society. 

Proceedings  of  the  Russian  Imperial  Institute  of  Engineers. 

Proceedings  of  the  Swedish  Technical  Society. 

Journal  of  the  Norwegian  Technical  Society. 

Journal  of  the  Franklin  Institute. 

Transactions  of  the  American  Society  of  Civil  Engineers. 

Transactions  of  the  American  Institute  of  Mining  Engineers. 

School  of  Mines  Quarterly,  Columbia  College,  New  York. 

Report  of  the  Smithsonian  Institution. 

Report  of  the  Master  Car-Builders'  Association,  New  York. 

Proceedings  of  the  United  States  Naval  Institute. 

United  States  Patent  Office  Gazette. 

Journal  of  the  Association  of  Engineering  Societies. 
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Journal  of  the  United  States  Artillery. 

Transactions  of  the  Canadian  Society  of  Civil  Engineers. 

Proceedings  and  Journal  of  the  Asiatic  Society  of  Bengal. 

Proceedings  of  the  Committee  of  Locomotive  and  Carriage  Superintendents  for 

India. 
Proceedings  of  the  Engineering  Association  of  New  South  Wales. 
Proceedings  of  the  Institution  of  Civil  Engineers. 
Journal  of  the  Iron  and  Steel  Institute. 
Transactions  of  the  Society  of  Engineers. 
Journal  of  the  Institution  of  Electrical  Engineers. 
Transactions  of  the  Civil  and  Mechanical  Engineers'  Society. 
Transactions  of  the   North  of  England  Institute  of  Mining  and   Mechanical 

Engineers. 
Proceedings  of  the  South  "Wales  Institute  of  Engineers. 
Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland. 
Transactions  of  the  Chesterfield  and  Midland  Counties  Institution  of  Engineers. 
Transactions  of  the  Liverpool  Engineering  Society. 

Transactions  of  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers. 
Proceedings  of  the  Cleveland  Institution  of  Engineers. 
Transactions  of  the  Mining  Institute  of  Scotland. 

Transactions  of  the  North-East  Coast  Institution  of  Engineers  and  Shipbuilders. 
Transactions  of  the   Hull  and  District   Institution  of  Engineers  and  Naval 

Architects. 
Proceedings  of  the  South  Staffordshire  Institute  of  Iron  and  Steel  Works  Managers. 
Proceedings  of  the  Eoyal  Society  of  London. 
Proceedings  of  the  Eoyal  Society  of  Edinburgh. 
Proceedings  of  the  Eoyal  Institution  of  Great  Britain. 
Transactions  and  Professional  Notes  of  the  Surveyors'  Institution. 
Journal  of  the  Eoyal  United  Service  Institution. 
Professional  Papers  of  the  Eoyal  Engineers'  Institute. 
Journal  of  the  Eoyal  Agricultural  Society  of  England. 
Journal  of  the  Eoyal  Statistical  Society. 

Eeport  of  the  British  Association  for  the  Advancement  ot  Science. 
Eeport  of  the  Eoyal  Cornwall  Polytechnic  Society. 
Transactions  of  the  Institution  of  Naval  Architects. 
Transactions  and  Journal  of  the  Eoyal  Institute  of  British  Architects. 
Transactions  of  the  Incorporated  Gas  Institute. 
Proceedings  of  the  Physical  Society  of  London. 
Proceedings  of  the  Literary  and  Philosophical  Society  of  Manchester. 
Transactions  of  the  Manchester  Geological  Society. 
Journal  of  the  Eoyal  Scottish  Society  of  Arts. 
Proceedings  of  the  Philosophical  Society  of  Glasgow. 
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Transactions  and  Proceedings  of  the  Royal  Irish  Academy. 

Transactions  and  Proceedings  of  the  Royal  Dublin  Society. 

Transactions  of  the  Institute  of  Marine  Engineers. 

Journal  of  the  Liverpool  Polytechnic  Society. 

Journal  of  the  Society  of  Arts. 

Journal  of  the  Society  of  Chemical  Industry. 

Journal  of  the  Society  of  Architects. 

Transactions  of  the  Manchester  Association  of  Engineers. 

Transactions  of  the  Junior  Engineering  Society. 

Reports  of  the  Manchester  Steam  Users'   Association ;   from   Mr.   Lavington 

E.  Fletcher. 
Report    of  the    National    Boiler    and    General    Insurance    Company  ;    from 

Mr.  Edward  G.  Hiller. 
Report  of  the  Engine,  Boiler,  and  Employers'  Liability  Insurance  Company ; 

from  Mr.  Michael  Longridge. 
Report  of  the  London  Association  of  Foremen  Engineers  and  Draughtsmen. 
Twenty-third  Annual  Report  of  the  Bradford  Free  Public  Libraries. 
Fortieth  Annual  Report  of  the  Liverpool  Free  Public  Library. 
Forty-first  Annual  Report  of  the  Manchester  Public  Free  Libraries. 
Catalogue  of  Additions  to  the  Radcliffe  Library,  Oxford,  during  1892. 


The  following  Periodicals  from  the  respective  Editors  : — 


Revue  generale  dea  Chemins  de  fer. 

Revue  universelle  des  Mines. 

Revue  industrielle. 

Stahl  und  Eisen. 

Der  Civil- Ingenieur. 

Glaser's  Annalen. 

Giomale  del  Genio  Civile. 

Ingeniero  y  Ferretero  Espanol  y  Sud 

Americano. 
The  Engineering  and  Mining  Journal. 
The    National    Car    and    Locomotive 

Builder. 
The  American  Engineer  and  Railroad 

Journal. 
The  Railway  Master  Mechanic. 
The  Indian  Engineer. 
The  Engineer. 
Engineering. 


The  Railway  Engineer. 

The  Marine  Engineer. 

Iron. 

The  Iron  and  Coal  Trades  Review. 

Ryland's  Iron  Trade  Circular. 

The  Ironmonger. 

Ironmongery. 

The  Textile  Recorder. 

The  Mechanical  World. 

The  Mining  Journal. 

The  Colliery  Guardian. 

The  Macliinery  Market. 

The  Builder. 

The  Electrical  Review. 

The  Chamber  of  Commerce  Journal 

(from  Mr.  Henry  Chapman). 
The  Contract  Journal. 
The  Plumber  and  Decorator. 
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The  Shipping  World. 

The  Steamship. 

The  Fireman. 

Industries. 

Invention. 

The  Practical  Engineer. 

Electrical  Plant. 

Hardware  Trade  Journal. 


The  Railway  Review. 

Phillips'  Monthly  Machinery  Register. 

The  Engineering  Review. 

Canadian  Mining  Review. 

Cassier's  Magazine. 

Transport. 

The  Keyboard. 


The  Pbesident,  in  moving  the  adoption  of  the  Eeport  of  the 
Council,  said  it  was  stated  therein  that  last  year  a  baronetcy  had 
been  conferred  upon  their  Honorary  Life  Member,  Sir  Frederick 
Abel ;  and  it  was  his  pleasant  duty  to  add  that  in  the  present  year 
the  dignity  of  Companion  of  the  Bath  had  been  conferred  upon 
their  Member,  Mr.  William  Heniy  Preece,  F.E.S.,  the  Engineer-in- 
Chief  and  Electrician  of  the  Post  Office ;  and  also  the  Companionship 
of  the  Star  of  India  upon  their  Member,  Mr.  Thomas  Salter  Pyne, 
Engineer  to  his  Highness  the  Ameer  of  Afghanistan.  The  Coimcil 
had  directed  a  letter  of  congratulation  to  be  addressed  to  each  of 
these  gentlemen. 

During  the  year  the  sum  of  £3,178  of  Four  per  cent,  debenture 
stock  in  the  London  and  North  Western  Railway  had  been  converted 
into  £4,237  of  Three  per  cent,  debenture  stock,  as  shown  in  the 
balance  sheet.  The  odd  6s.  8d.  had  been  received  in  cash,  and  had 
therefore  been  deducted  from  the  investments. 

The  cost  of  back  numbers  of  the  Proceedings  had  been  withdrawn 
from  the  capital  account  of  the  Institution.  This  had  been  done  in 
deference  to  a  suggestion  made  at  the  last  Annual  General  Meeting  ; 
and  on  the  recommendation  of  the  auditor  the  cost  was  stated  on 
both  sides  of  the  balance  sheet,  without  being  added  to  capital. 
Every  member  could  therefore  deal  with  this  amount  according  to 
his  own  liking,  while  the  capital  was  not  inflated  by  a  debatable  item. 
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With  regard  to  Eesearch,  he  was  glad  to  mention  that,  in 
addition  to  the  subjects  alluded  to  in  the  Eeport,  the  Council  had 
accepted  an  invitation  to  send  a  representative  of  the  Institution  to 
attend  a  series  of  Experiments  on  a  large  scale]upon  the  use  of  Eopes 
and  Belts  for  the  Transmission  of  Power,  which  were  being 
undertaken  by  the  Societe  Industrielle  du  Nord|  de  la  France  at 
Lille.  The  President  of  that  Society  had  sent  a  courteous  letter 
inviting  himself  to  go  over,  or  to  send  someone  to  take  part  in  the 
experiments.  The  Council  had  therefore  deputed  Professor  Capper, 
of  King's  College,  London,  a  Member  of  this  Institution,  and  had 
instructed  him  to  represent  the  Institution  of  Mechanical  Engineers 
at  these  highly  important  trials.  Mr.  Capper  had  already  attended 
a  preliminary  meeting  at  Lille,  and  had  sent  in  a  preliminary  report, 
which  showed  that  their  friends  in  Trance  were  really  taking  up  the 
matter  in  earnest,  and  were  going  to  expend  a  great  deal  of  money 
upon  it.  The  expenditure  of  the  Institution  would  be  the  outlay 
necessary  to  send  a  representative  of  Mr.  Capper's  qualifications 
over  to  attend  the  trials  and  to  bring  back  materials,  which  he  would 
collect  for  a  paper  on  the  conduct  and  results  of  the  experiments. 
The  Institution  of  Mechanical  Engineers  he  thought  should  be 
congratulated  upon  the  opportunity  of  taking  part  in  such  important 
experiments. 

The  motion  for  the  adoption  of  the  Eeport  of  the  Council  with 
the  statement  of  accounts  was  then  put  to  the  Meeting,  and  agreed  to. 


The  President  reminded  the  Members  that  at  the  present 
meeting  the  appointment  had  to  be  made  of  an  Auditor  for  the 
current  year. 

On  the  motion  of  Mr.  David  Joy,  seconded  by  Mr.  Wallis  R. 
GoTTLTY,  it  was  unanimously  resolved  that  Mr.  Eobert  A.  McLean, 
chartered  accountant,  1  Queen  Victoria  Street,  London,  be  re- 
appointed to  audit  the  accounts  of  the  Institution  for  the  present 
year,  at  a  remuneration  of  Twenty-five  Guineas. 
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The  Pbesedent  said  that,  in  pursuance  of  the  notice  given  on 
behalf  of  the  Council  at  the  last  General  Meeting,  he  had  much 
pleasure  in  moving  the  following  italicised  addition  to  By-law  15 : — 
"  Any  Member,  Associate  Member,  or  Associate,  whose  subscription 
is  not  in  arrear,  may  at  any  time  compound  for  his  subscription 
for  the  current  and  all  [future  years  by  the  payment  of  Fifty  Pounds, 
if  paid  in  any  one  of  the  first  five  years  of  his  memheiship.  If  paid 
subsequently,  the  sum  of  Fifty  Pounds  shall  he  reduced  hy  One  Pound 
per  annum  for  every  year  of  Membership  after  five  years.  All 
compositions  shall  be  deemed  to  be  capital  moneys  of  the 
Institution." 

Mr.  Joseph  Adamsox  did  not  see  why  the  stipulation  with  regard 
to  the  first  five  years  of  membership  should  be  introduced.  It 
seemed  to  him  that  the  effect  would  be  that  all  who  had  been 
members  for  more  than  five  years  would  thereby  be  handicapped  to 
the  extent  of  five  years  in  relation  to  a  new  member  just  elected. 
That  is  to  say,  it  was  not  till  the  sixth  year  of  membership  that 
the  composition  would  be  reduced  at  all,  and  then  only  j£l ;  so  that 
in  the  sixth  year  of  membership  the  composition  would  be  £49, 
while  a  new  member  joining  at  the  very  time  when  the  older 
member  was  paying  £49  could  compound  at  once  for  £50.  Looking 
at  the  proposal  in  another  way,  a  member  of  twenty  years'  standing 
would  be  able  to  compound  for  £35,  and  would  then  have  contributed 
altogether  £95  to  the  Institution  ;  whereas  a  new  member 
compounding  on  election  would  pay  only  £50.  His  remarks  were 
ofi'ered  in  no  spirit  of  opposition  to  the  proposal  of  the  Council,  but 
simply  because  he  did  not  see  why  the  new  members  should  have 
what  appeared  to  him  to  be  an  advantage  over  the  older. 

The  President  pointed  out  that  the  older  members,  it  would  be 
agreed,  had  of  course  had  value  to  some  extent  for  their  money. 

Professor  Kennedy  said  it  would  be  noticed  that  the  proposed 
addition  to  the  existing  by-law  would  produce  no  alteration  in  any 
individual  instance  until  after  the  first  five  years  of  membership. 
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Under  the  existing  by-law  any  one,  whetlier  elected  last  year  or 
twenty  years  ago,  could  compound  by  payment  of  £50  at  any  time. 
If  the  proposal  now  made  were  adopted,  then  all  who  had  been 
members  for  more  than  five  years  could  compound  for  something  less. 
There  was  no  distinction  between  members  who  were  joining  now 
and  those  who  had  joined  previously,  except  that  those  of  more  than 
five  years'  standing  got  a  larger  reduction  in  proportion  to  the  length 
of  their  membership  beyond  five  years. 

Mr.  J.  Macfarlane  Gray  wanted  no  alteration  to  be  made  until 
the  proposal  was  adopted  which  he  had  advocated  three  years  ago. 
that  any  Member  having  paid  his  subscription  for  thirty  years  should 
thenceforth  have  nothing  more  to  pay  (Proceedings  1891,  pages 
27-45). 

The  President  said  the  Council  had  given  anxious  consideration 
to  the  present  proposal  for  some  time  past,  and  upon  the  whole  it 
seemed  to  them  a  fair  arrangement.  At  any  rate  he  thought  it  was 
worth  while  giving  it  a  fair  trial,  in  order  to  see  how  it  worked. 

The  resolution  was  then  put  to  the  meeting,  and  carried  by  a 
large  majority. 

The  President  next  moved  the  following  italicised  addition  to 
By-law  29 : — "  All  Papers  shall  be  submitted  to  the  Council  for 
approval,  and  after  their  approval  shall  be  read  by  the  Secretary  at 
the  General  Meetings,  or  by  the  Author  with  the  consent  of  the 
Council ;  or,  if  so  directed  hy  the  Council,  sJiall  be  printed  in  the 
Proceedings  ivithout  having  been  read  at  a  General  Meeting.'" 

The  addition  to  the  By-law  was  unanimously  agreed  to. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  Officers  for  the  present  year  had  been  opened  by  a  committee  of  the 
Council,  and  that  the  following  were  found  to  be  elected  : — 
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PRESIDENT. 

Alexander  B.  W.  Kennedy,  F.E.S.,    .    .  London. 

VICE-PRESIDENTS. 

Edward  P.  Martin,      .....     Dowlais. 
E.  Windsor  Richards,  ....     Low  Moor. 

MEMBERS    OF    COUNCIL. 

Arthur  Keen,     ......  Birmingliam. 

William  H.  Maw,         .....  London. 

James  Platt, Gloucester. 

T.  Hurry  Eiches,  .....  Cardiff. 

William  H.  White,  C.B.,  LL.D.,  F.E.S.,  .  London. 

In  consequence  of  the  election  of  Mr.  Edward  P.  Martin  as  a 
Vice-President,  the  vacancy  thereby  occasioned  among  the  Members 
of  Council  had  been  supplied  by  the  Council  by  the  appointment  of 
Mr.  Benjamin  A.  Dobson  as  a  Member  of  Council  for  the  present 
year,  his  name  standing  next  highest  in  the  voting  for  the  election  at 
this  Meeting. 

The  Council  for  the  present  year  will  therefore  be  as  follows : — 


president. 
Alexander  B.  W.  Kennedy,  F.E.S., . 

past-presidents. 
Dr.  William  Anderson,  F.E.S.,     . 
The  Et.  Hon.  Lord  Armstrong,  C.B.,  D.C.L. 

LL.D.,  F.E.S.,      . 
Sir  Lowthtan  Bell,  Bart.,  F.E.S., 
Sir   Frederick  J.   Bramwell,   Bart.,   D.C.L., 

LL.D.,  F.E.S.,      . 
Sir  Edward  H.  Carbutt,  Bart., 
Charles  Cochrane, 
Jeremiah  Head, 
John  Eamsbottom, 
John  Eobinson,  . 
Joseph  Tomlinson, 
Percy  G.  B.  Westmacott,    . 


London. 

London. 

Newcastle-on-Tyne  • 
Northallerton. 

London. 

London. 

Stourbridge. 

London. 

Alderley  Edge. 

Leek. 

London. 

Ne  wcastle-on-  Tyne. 
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VICE-PEESIDENTS. 

SiE  James  N.  Douglass,  F.E.S.,     . 

SiE  Douglas  Galton,  K.C.B.,  D.C.L.,  F.E.S., 

Edwaed  B.  Maeten,    . 

Edward  P.  Maetdt,     . 

SiE  James  Eamsden,     . 

E.  WmDSOR  Eichaeds, 

MEMBERS  OF  COUNCIL. 

John  A.  F.  Aspinall, 
William  Dean, 
Benjamin  A.  Dobson,  . 
Db.  John  Hopkinson,  F.E.S. 
Samuel  W.  Johnson, 
Aethue  Keen,    . 
William  Laied, 
John  G.  Maie-Eumley, 
Feancis  C.  Maeshall, 
Henry  D.  Marshall, 
William  H.  Maw, 
James  Platt, 

T.  HUEEY  ElCHES, 

William  H.  White,  C.B.,  LL.D.,  F.E.S., 
J.  Hartley  Wicksteed, 


London. 

London. 

Stourbridge. 

Dowlais. 

Barrow-in-Furness. 

Low  Moor. 

Horwicli. 

Swindon. 

Bolton. 

London. 

Derby. 

Birmingliam. 

Bii'kenliead. 

London. 

Xewcastle-on-Tyne. 

Gainsborougb. 

London. 

Gloucester. 

Cardiff. 

London. 

Leeds. 


Dr.  Anderson,  in  retiring  from  tbe  Presidency,  said  all  good 
tbings  came  to  an  end,  and  it  was  now  bis  duty  to  resign  tbe  cbaii" 
wbicb  be  bad  occupied  for  tbe  last  two  years,  and  to  ask  his  esteemed 
friend  Professor  Kennedy  to  take  it.  In  doing  so,  be  must  in  tbe 
first  instance  tbank  tbe  Members  for  tbe  support  and  consideration 
wbicb  tbey  bad  given  bim.  He  likewise  wisbed  to  take  tbe 
opportunity  of  tbanking  tbe  Council  for  tbeir  assiduous  attention  to 
tbe  business  of  tbe  Institution  ;  and  to  express  tbe  gratification  wbicb 
be  was  bound  to  feel,  and  did  feel  deeply,  at  tbe  barmony  and  good 
fellowsbip  and  good  feeling  tbat  bad  prevailed  amongst  tbem  for  tbe 
two  years  during  wbicb  be  bad  bad  tbe  distinguisbed  honour  to 
occupy  this  post. 
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Professor  Kennedy,  on  taking  the  chair  as  President,  said  he  had 
to  thank  the  Memhers  most  sincerely  for  the  honour  they  had  done 
him  in  electing  him  as  President  of  the  Institution  for  the  ensuing 
year.  He  regretted  greatly  that  two  of  his  colleagues,  Vice- 
Presidents  senior  to  himself  both  in  age  and  membership,  had 
found  themselves  unable  on  account  of  ill  health  to  undertake  the 
duties  of  the  Presidency  which  would  naturally  have  devolved  upon 
them.  As  however  the  choice  of  the  members  had  under  these 
circumstances  fallen  upon  himself,  in  spite  of  his  endeavour  to  make 
it  fall  ujjon  somebody  else,  he  could  only  say  that  he  would  devote 
himself  heartily  to  their  service  during  the  time  he  was  in  the 
chair,  and  would  endeavour  to  make  himself  as  worthy  as  he  could 
to  be  a  successor  of  the  distinguished  engineers  who  had  occupied  the 
chair  before  him. 

Mr.  Jeremiah  Head,  as  the  senior  Past-President  present,  said  it 
became  both  his  duty  and  his  privilege  to  ask  the  meeting  to  accord 
a  most  hearty  vote  of  thanks  to  Dr.  Anderson,  the  retiring  President, 
for  his  services  in  the  chair  during  the  last  two  years.  Since  the 
year  1847,  when  the  Institution  was  established  under  the  presidency 
of  George  Stephenson,  there  had  been  a  great  many  Presidents  who 
had  deserved  their  thanks,  and  through  whose  efforts,  combined  with 
those  of  the  Council  and  Members,  the  Institution  had  been  worked 
up  to  its  present  high  state  of  prosperity ;  but  among  all  those 
Past-Presidents  there  were  none  who  had  been  more  constant  in 
attendance  to  their  duties,  more  celebrated  for  their  urbanity  and 
courtesy  to  everybody,  than  Dr.  Anderson.  They  all  remembered 
his  presidential  address,  and  how  much  they  enjoyed  it  and  how 
much  they  had  learnt  from  it.  They  remembered  also  the  way  in 
which  he  had  performed  the  duties  of  President  at  Portsmouth  and 
at  Middlesbrough,  as  well  as  at  the  several  intermediate  meetings 
held  in  London.  The  members  he  was  quite  sure  would  agree  in 
the  statement  that  their  retiring  President  could  not  have  performed 
his  duties  in  a  pleasanter  and  more  efficient  way.  They  had 
heard  from  the  Eeport  of  the  Council  that  the  Institution  had  by  no 
means  gone  back  during  the  last  two  years ;    it  had  in  fact  gone 
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ahead  greatly,  and  the  impetus  given  and  continued  to  it  by 
Dr.  Anderson  would  lie  was  sure  continue  under  the  presidency  of 
his  successor.  He  would  therefore  ask  the  Members  to  give  full 
consideration  to  the  resolution  that  he  had  the  honour  of  placing 
before  them,  namely  that  their  very  best  thanks  should  be  given  to 
Dr.  Anderson. 

Mr.  Charles  Cocheane,  Past-President,  said  it  devolved  upon 
him  to  second  this  vote  of  thanks,  which  would  receive  the  hearty 
approval  he  was  sure  of  every  one  present ;  for  not  only  had 
Dr.  Anderson  rendered  all  these  services  to  the  Institution  so 
faithfully  during  the  past  two  years,  but  he  had  done  it  despite  his 
important  engagements  as  a  national  servant,  and  had  appeared 
regularly  at  their  general  meetings,  and  had  helped  them  materially 
both  at  Portsmouth  and  at  Middlesbrough.  On  their  visit  to 
Portsmouth  the  members  were  in  a  large  way  indebted  to  his 
influence  for  obtaining  access  to  the  factories  there.  That  he  had 
done  all  this  created  a  deep  debt  of  gratitude  from  every  member. 
He  had  great  pleasure  in  seconding  the  vote  of  thanks  proposed  to 
the  retiring  President. 

The  President,  in  putting  the  resolution,  said  he  could  not  do  so 
as  a  mere  formality,  but  rather  as  a  matter  of  special  personal 
interest.  They  were  all  proud  of  their  retiring  President,  and  they 
took  it  as  a  high  honour  to  the  engineering  profession  when 
Dr.  Anderson  was  not  long  ago  elected  to  the  important  national 
position  which  he  now  held.  In  the  event  of  war  unhajjpily 
breaking  out,  the  possibility  of  keej)ing  out  of  it,  or  the  possibility 
of  success  or  even  of  security  if  this  country  had  unfortunately  to 
enter  into  it,  depended  largely  upon  the  state  of  preparation  of  the 
department  which  was  administered  by  Dr.  Anderson.  The 
Members  were  all  of  them  glad,  and  the  country  might  well  be 
glad,  that  the  Ordnance  Factories  were  under  the  dii*ection  of 
so  thorough  a  mechanical  engineer,  who  was  also  a  man  of  such 
sound  judgment,  so  incorruptible,  and  so  just  in  all  his  dealings,  as 
Dr.  William  Anderson.     He  had  thei*efore  the  greatest  pleasure  in 
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putting  tlie  resolution,  that  a  most  hearty  vote  of  thanks  be  given  to 
him  for  his  conduct  in  the  chair. 

The  resolution  was  carried  unanimously  with  applause. 

Dr.  Anderson  thought  he  really  did  not  deserve  half  the 
handsome  things  that  had  been  said  about  any  services  which  he  had 
been  able  to  render  to  the  Institution.  When  he  accepted  the 
presidency,  he  had  been  rather  afraid  lest  the  somewhat  exacting 
official  duties  devolving  upon  him  might  prevent  his  paying  as  much 
attention  to  the  interests  of  the  Institution  as  he  should  wish  to  do  ; 
but  he  must  say  that  his  chiefs  at  the  War  Office  had  been  exceedingly 
indulgent,  and  so  far  from  grudging  [the  time  necessary  to  be  placed 
at  the  disposal  of  the  Institution  they  had  rather  encouraged  him, 
because  they  were  perfectly  alive  he  believed  to  the  fact  that  now-a- 
days  the  mechanical  engineers  were  destined  to  play  a  most  important 
part  in  an  eventuality  such  as  that  to  which  the  President  had 
alluded.  Therefore  as  the  defences  of  the  country  were  now  of  a 
highly  intricate  and  mechanical  nature,  it  was  felt  that  anything 
which  would  help  on  the  Institution  of  Mechanical  Engineers  must 
be  for  the  national  advantage  ;  and  he  presumed  it  was  for  that 
reason  that  he  had  been  enabled  to  give  the  time  that  was  necessary 
to  its  interests.  He  thanked  the  Members  exceedingly  for  the  warm 
manner  in  which  they  had  received  the  flattering  vote  of  thanks 
which  had  been  submitted  to  them  ;  and  he  hoped  the  fact  that  he 
had  retired  from  the  presidential  chair  would  not  in  any  way 
interfere  with  his  constant  attendance  at  the  meetings  in  time  to 
come. 


The  President  said  he  had  the  gratification  of  announcing  that 
the  Summer  Meeting  of  the  Institution  in  the  present  year  would  be 
held  in  Manchester,  under  the  auspices  of  the  Eight  Honourable  the 
Lord  Mayor,  Anthony  Marshall,  Esq.,  supported  by  the  Worshipful 
the  Mayor  of  Salford,  Alderman  W.  H.  Bailey,  who  was  a 
well-known  Member   of  this   Institution.      As   the  Members  were 
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doubtless  aware,  enterprises  of  great  engineering  interest  and 
novelty  were  now  on  the  point  of  completion  in  Manchester,  or 
were  actually  completed  already,  including  the  Ship  Canal,  the 
Electric-Light  Works,  the  Hydraulic-Power  Works,  the  Sewage 
Works,  and  the  Thirlmere  Water  Works.  It  was  hoped  that  the 
Members  of  the  Institution  would  thus  enjoy  an  ojDportunity  in  the 
summer  of  making  a  closer  acquaintance  with  these  great  works 
than  they  might  as  yet  have  been  able  to  obtain. 


The  following  Paper  was  then  read  and  partly  discussed  : — 
"  Kesearch  Committee  on  Marine-Engine  Trials :  Abstract  of  results 
of  Experiments  on  Six  Steamers,  and  Conclusions  drawn 
therefrom  in  regard  to  the  efficiency  of  Marine  Boilers  and 
Engines";  by  Professor  T.  Hudson  Beare,  F.R.S.E.,  of 
London. 

At  Ten  o'clock  the  Meeting  was  adjourned  till  the  following 
evening.     The  attendance  was  109  Members  and  108  Visitors. 


The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Friday,  2nd  February  1894,    at  Half-past 
Seven  o'clock  p.m. ;  Professor  Alexander  B.  W.  Kennedy,  F.R.S. 
President,  in  the  chair. 

The  Discussion  upon  Professor  Bearo's  Paper  on  the  Marine- 
Engine  Trials  of  the  Research  Committee  was  resumed  and 
concluded. 
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On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Engineers  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  at  Ten  o'clock.  The  attendance 
was  82  Members  and  108  Visitors. 
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EESEAECH  COMMITTEE  ON  MAEINE-ENGINE  TRIALS. 


ABSTRACT  OF  RESULTS  OF  EXPERIMENTS 

ON  SIX  STEAMERS, 

AND  CONCLUSIONS  DRAWN  THEREFROM 

IN  REGARD  TO  THE  EFFICIENCY  OF 

MARINE  BOILERS  AND  ENGINES. 


By  Professor  T.  HUDSON  BEARE,  F.E.S.E.,  of  London. 


The  Experiments  with  which  the  present  paper  deals  in  an 
abstract  form  are  those  reported  at  previous  meetings  of  the 
Institution,  and  published  with  the  discussions  thereon  in  the 
Proceedings  of  the  four  years  1889-'J2.  The  six  steamers,  of 
which  the  engines  and  boilers  were  tested  in  these  trials,  were  the 
"Meteor,"  1889,  pages  235-306;  the  "Fusi  Yama,"  "Colchester," 
and  "Tartar,"  1890,  pages  203-290;  the  "lona,"  1891,  pages 
200-288 ;  and  the  "  VUle  de  Douvres,"  1892,  pages  136-197. 

Steamers. — The  six  steamers  were  of  very  different  tyj)es ;  their 
leading  dimensions  and  other  j)articulars  are  summarised  in  the 
accompanying  Table  16  (page  3 A). 

The  "  Meteor "  was  tested  during  a  ran  south  from  Leith  to 
London  under  ordinary  working  conditions,  that  is  with  natural 
draught.  Her  boilers  are  designed  to  work  with  forced  draught  on 
the  run  north  in  order  to  do  the  run  five  hours  quicker,  the  engines 
developing  therefore  much  greater  power  than  they  did  during  the 
trial ;  in  considering  the  results  this  fact  must  be  clearly  borne  in 
mind.  She  was  built  and  engincd  in  1S87,  and  her  engines  had 
been  overhauled  about  three  months  before  the  trial,  Avhich  lasted 
17  hours  9  minutes,  with  weather  fair. 
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The  "  Fusi  Yama  "  was  tested  during  a  run  down  Channel  from 
Gravesend  to  Portland.  Her  engines  were  built  in  1874,  and 
immediately  before  the  trial  had  been  overhauled  by  Messrs.  Eait 
and  Gardiner  on  behalf  of  her  owners,  by  whom  she  had  just  been 
purchased.  As  the  pistons  had  been  leaking,  new  spring-rings  were 
fitted  to  them,  but  the  cylinders  were  not  re-bored  ;  consequently  it 
is  probable  that  the  rings  had  not  worn  down  to  the  cylinder  shape 
by  the  time  of  the  trial.  The  trial  lasted  14  hours  9  minutes ; 
weather  fair  at  first,  rough  at  finish. 

The  "  Colchester "  had  just  undergone  her  first  overhaul  by 
Messrs.  Earle's  Shipbuilding  and  Engineering  Co.  Her  engines 
were  built  in  1888-9.  The  run  was  made  from  Hull  southwards 
and  then  to  Harwich,  the  trial  lasting  11  hours,  weather  very  fine. 

The  "  Tartar "  had  arrived  from  Australia  a  week  before  the 
trial.  The  engines  and  boilers,  which  were  built  in  1887,  had  been 
opened  out,  cleaned,  and  overhauled,  and  the  cargo  discharged ;  the 
trial  was  made  therefore  with  the  ship  light,  only  in  water  ballast. 
The  run  was  down  Channel,  and  lasted  10  hours  5  minutes ;  the 
weather  was  rough. 

The  "  lona  "  also  had  just  arrived  from  a  voyage,  and  her  engines 
had  been  overhauled  by  the  makers  immediately  before  the  trial. 
She  was  built  and  engined  in  1889.  The  trial  was  made  on  a 
run  south  from  the  Tyne,  and  lasted  16  hours,  the  weather 
being  fair. 

The  "  Ville  de  Douvres  "  before  the  trial  had  been  running  for 
about  eighteen  months  on  her  regular  route  between  Dover  and 
Ostend,  having  been  delivered  by  the  builders  to  the  Belgian 
Government  in  February  1890.  She  was  overhauled  beforehand,  and 
was  tried  on  a  special  run  from  Ostend  up  the  North  Sea  and  back. 
The  trial  lasted  9  hours,  with  fair  weather  throughout. 

In  summarising  the  results  of  these  six  trials,  it  will  be  most 
convenient  to  deal  with  the  boilers  and  engines  separately.  The 
various  dimensions  for  each  will  be  given  in  a  condensed  form, 
and  then  the  results  obtained  during  the  trials  ;  finally  from  these 
results  any  conclusions  which  seem  to  be  brought  out  by  the  figures 
will  be  stated,  and  any  inferences  as  to  the  influences  of  the  varying 
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conditions  on  the  general  efficiency  of  the  machinery.  The  boilers, 
as  the  generators  of  the  steam  afterwards  used  by  the  engines,  will  in 
the  natural  order  be  dealt  with  first. 

General  description  of  Boilers. — There  were  three  single-ended 
sets,  namely  those  of  the  "  Fusi  Yama,"  "  lona,"  and  "  Ville  de 
Douvres " ;  and  three  double-ended  sets,  those  of  the  "  Meteor," 
"  Colchester,"  and  "  Tartar."  It  seems  advisable  therefore  to  group 
the  boilers  under  these  two  heads.  Natural  draught  was  used  with 
all  the  double-ended  boilers,  and  also  with  the  single-ended  set  of  the 
"  Fusi  Tama " ;  while  forced  draught  was  used  with  the  other  two 
single-ended  sets.  The  forced  draught  for  the  boilers  of  the  "  lona  " 
was  obtained  by  closing  the  fronts  of  the  ash-pits,  and  passing  air 
into  them  through  gridiron  valves,  from  a  trunk  iuto  which  a  fan 
forced  the  air  at  a  pressure  of  0*86  inch  of  water;  a  supplementary 
supply  from  a  branch  trunk  was  also  delivered  into  the  combustion 
chambers  through  perforated  plates,  securing  therefore  small  streams 
of  air  to  mix  with  the  gases  after  they  had  passed  the  furnace  bridge, 
in  order  to  promote  perfect  combustion  in  the  flame-box.  The  "  Ville 
de  Douvi'es"  on  the  other  hand  had  closed  stoke-holds,  with  an 
average  aii'-pressure  in  them  of  0*7  to  1 '  0  inch  of  water,  the  air 
being  supplied  by  centrifugal  fans. 

The  principal  over-all  dimensions  are  given  in  Table  17.  The 
following  additional  particulars  will  probably  be  found  useful  in 
comparing  the  results  obtained  with  these  boilers. 

"Meteor."  Fox's  corrugated  flues  are  used;  and  the  furnaces 
and  tubes  at  the  opposite  ends  of  the  boiler  open  out  into  common 
combustion-chambers,  of  which  each  boiler  has  three,  one  common  to 
each  pair  of  opposite  furnaces.  As  already  mentioned,  the  boiler  has 
been  designed  to  work  with  forced  draught  as  well  as  with  natural 
draught. 

"  Colchester."  The  boilers  have  large  steam  drums  4  feet 
diameter  and  16  feet  long  ;  and  one  common  combustion-chamber  for 
each  end  of  the  boiler.  The  furnaces  are  plain  flues.  Henderson's 
fire-bars  were  in  use,  mainly  with  the  object  of  securing  a  more 
rapid  rate  of  combustion. 
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"  Tartar."  There  are  two  combustion  chambers  for  each  boiler, 
common  to  opposite  furnaces.     Fox's  corrugated  furnaces  are  used. 

"  Fusi  Yama."  The  furnaces  and  tubes  all  open  into  one  common 
combustion  chamber ;  the  furnaces  are  plain  flues.  A  large  tall 
steam  dome  is  carried  on  the  top  of  the  boiler. 

"  lona."  Purves'  corrugated  flues  are  used.  The  fan  for  forced 
draught  is  driven  by  a  Chandler  single-acting  high-speed  engine 
developing  about  2  H.P.  Each  furnace  opens  into  its  own 
combustion  chamber. 

"  Ville  de  Douvres."  The  forced-draught  fans  are  driven  by  two 
Brotherhood  engines,  each  developing  about  14  H.P.  Each  furnace 
has  its  own  combustion  chamber ;  the  flues  are  plain. 

In  Table  18  (pages  38-9)  is  given  a  complete  summary  of  all  the 
important  dimensions  and  their  relation  to  one  another,  for  grates, 
heating  surface,  tubes,  and  funnels  ;  also  the  mean  steam-pressures 
during  the  trials,  rates  of  fuel  combustion  and  water  evaporation,  and 
finally  a  summary  of  the  heat  account  for  each  boiler.  In  Fig.  1, 
Plate  1,  is  shown  the  total  feed-water  consumption  in  each  of 
the  trials ;  in  Fig.  2  the  total  fuel  consumption ;  and  in  Fig.  3  the 
total  revolutions.  The  heat  balance-sheet  is  also  shown  in 
Plate  2,  from  which  is  seen  at  a  glance  the  proportion  utilized  in 
the  feed-water,  the  proportion  lost  in  the  funnel  gases,  and  the  rest 
of  the  losses  of  heat. 

Observations  made, — In  each  trial  the  coal  was  weighed  in  baskets 
hung  from  spring  balances,  and  then  emptied  in  heaps  upon  the 
stoke-hold  floors ;  and  the  rate  of  consumption  of  fuel  as  well  as 
the  amount  was  determined.  The  feed  in  all  the  trials — except 
that  of  the  "Ville  de  Douvres,"  in  which  meters  were  used — was 
measured  by  passing  it  on  its  way  to  the  boiler  through  two  tanks, 
which  were  filled  and  emptied  alternately,  thereby  again  ensuring 
knowledge  of  rate  as  well  as  of  quantity  used.  The  boiler  pressures 
were  observed  at  fixed  intervals,  as  were  also  the  temperatures  of  air, 
of  feed,  and  of  escaping  furnace-gases.  Lastly,  samples  of  the  furnace 
gases  were  taken  at  fixed  times  for  subsequent  analysis ;  and  also 
samples  of  the  coal  and  ashes  for  the  same  purpose.    The  air-pressure 
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in  the  funnels  &c.  was  measured  by  U  water-gauges.     From  tliese 
data  a  fairly  comjilete  heat-account  for  the  boilers  can  be  calculated. 

Fuel. — The  coal  used  on  the  different  trials  varied  considerably  in 
quality.  A  summary  of  the  chemical  analysis,  carbon  value,  calorific 
value,  and  evajiorative  power,  is  given  in  Table  19  (page  42)  for 
each  steajner.  It  will  be  seen  that  the  coal  used  in  the  "  Meteor," 
"  Colchester,"  and  "  Fusi  Yama  "  trials  Avas  much  inferior  to  that  in 
the  case  of  the  three  other  vessels  ;  and  that  in  the  "  Meteor  "  and 
"  Fusi  Yama  "  coal  the  moisture  present  was  great,  over  10  per  cent, 
for  the  "  Meteor."  The  calorific  values  are  all  calculated  on  the 
assumption  of  the  comj)lete  combustion  of  all  the  hydrogen  present, 
making  allowance  for  the  latent  heat  of  the  steam  so  formed. 

Ashes. — The  quantities  and  percentages  of  ashes  weighed  out  at 
the  end  of  the  trials,  with  particulars  as  to  the  cleaning  of  the  fires, 
are  given  in  Table  20  (page  43).  In  every  trial  the  fire  was  cleaned 
at  the  end,  and  the  resulting  clinker  and  ashes  weighed  ;  a  sample  was 
taken,  and  afterwards  by  ignition  the  proportion  of  unburnt  carbon 
in  it  was  estimated.  In  the  heat  balances  given  in  the  various 
reports  no  attempt  has  been  made  to  estimate  the  proportion  of 
loss  due  to  the  unburnt  carbon  present  in  the  ashes ;  it  may 
however  be  worth  while  to  estimate  it  per  pound  of  coal  burnt, 
more  especially  as  the  balance  unaccounted  for,  which  must  be 
ascribed  mainly  to  this  and  to  radiation,  varies  considerably. 
In  Table  20  are  given  the  total  ashes  and  their  percentage  of  the 
total  fuel  put  on  the  fires  ;  also  the  percentage  of  carbon  in  the 
ashes,  and  the  equivalent  total  carbon  therefore  lost  in  the  whole  of 
the  ashes.  The  results  expressed  as  percentages  of  heat-value  in  the 
fuel  vary  from  1-36  to  3*10  per  cent.  It  has  been  assumed  that  the 
balance  of  the  mineral  matter,  found  in  the  fuel  by  chemical  analysis 
and  not  shown  in  the  ashes,  either  went  uj)  the  funnel  as  fine  dust, 
or  more  probably  remained  on  the  fire-bars  as  clinker  at  the  end 
of  the  trial.  If  these  percentages  are  added  to  those  for  feed-water 
evaporated,  loss  of  heat  in  furnace  gases,  imperfect  combustion  &c., 
the  balance,  apart  from  errors  of  observation,  can  be  put  down  only 
to  radiation. 
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Feed-Water. — There  are  several  poiiits  of  importance  in  the 
various  trials,  to  which  attention  must  be  drawn  before  dealing  with 
the  actual  results. 

"  Meteor."  All  the  steam  corresponding  with  the  measured  feed 
went  to  the  main  engines,  and  to  a  small  Worthington  pump  which 
fed  the  boilers.  The  cii'culating-pump  engine,  dynamo  engine,  and 
all  the  deck  engines  were  suj)j)lied  with  steam  by  a  donkey  boiler. 
The  supplementary  feed  was  not  separately  measured ;  it  was 
drawn  from  the  exhaust  of  the  circulating-pump  engine  and 
dynamo  engine.  The  feed  was  heated  in  the  hot  well  up  to  163-1° 
Fahr.  by  means  of  an  apparatus  devised  by  the  chief  engineer. 

"  Colchester."  All  the  steam  from  the  measured  feed  went  to  the 
main  engines ;  only  one  feed-pump  was  in  use ;  the  supplementary 
feed  was  not  measured  separately.  The  circulating-pump  engine 
and  others  were  all  worked  off  a  donkey  boiler.  The  mean  feed 
temperature  was  113°  Fahr. 

"  Tartar."  All  the  steam  from  the  measured  feed  went  to  the  main 
engines,  the  auxiliary  engines  being  worked  from  the  donkey  boiler. 
One  of  the  main  feed-jnimps  was  used  at  start ;  but  later  the  donkey 
pump,  drawing  its  steam  from  the  main  boilers  ;  the  supplementary 
feed  was  not  measured  separately.    Mean  feed  temperature  101°  Fahr. 

"  Fusi  Yama."  All  the  steam  from  the  measured  feed  went  to 
the  main  engines ;  the  supplementary  feed  was  not  measured 
separately.  The  feed  was  supplied  by  the  main  feed-pumps.  Mean 
feed  temperature  129 '5°  Fahr. 

"Zona."  All  the  steam  from  the  measured  feed  went  to  the 
main  engines.  Here  the  circulating  pumjis  and  feed-pumps  were  all 
worked  by  the  main  engines.  The  supplementary  feed  was 
separately  measured.  The  average  feed  temperature  was  106°  Fahr. ; 
in  ordinary  working  the  feed  is  heated  to  a  much  higher  degree 
than  this,  by  draining  the  jackets  into  the  feed  suction-pipe. 

"  Ville  de  Douvres."  The  feed,  measured  by  a  Kennedy  positive 
piston  water-meter,  went  to  the  main  boilers,  and  supplied  steam 
not  only  to  the  main  engines  but  also  to  the  auxiliary  engines.  The 
average  feed  temperature  was  158°  Fahr. ;  there  was  no  feed  heater. 

It  will  be  seen  therefore  that  in  some  cases  the  circulating  pump 
was  driven  by  an  independent  engine,  in  others  by  the  main  engines. 
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As  however  this  is  a  question  affecting  the  efficiency  of  the  engines 
rather  than  of  the  boilers,  it  will  be  advisable  to  defer  any  remarks 
on  this  point.  In  Table  21  (page  45)  are  given  in  a  convenient 
form  for  reference  certain  data  as  to  feed,  evaporation  &c. 
Neglecting  the  results  of  the  "  Tartar,"  it  will  be  seen  that  the 
single-ended  boilers  on  an  average  evaporate  from  and  at  212^  Fahr. 
10"  15  lbs.  of  water  per  lb.  of  carbon-value,  as  against  only  9  "48  lbs. 
for  the  double-ended  boilers. 

Priming.  —  This  important  subject  was  brought  into  great 
prominence  from  the  results  of  the  "  Tartar  "  trial.  In  the  earlier 
trials  no  attempt  was  made  to  measure  the  priming,  because  its 
presence  was  not  suspected ;  and  the  results  of  those  trials  gave  no 
reason  for  supposing  that  such  an  action  was  taking  place.  In  the 
two  trials  after  that  of  the  "  Tartar  "  however,  it  was  determined  to 
measure  this  factor  ;  this  was  done  in  both  trials  by  means  of  the 
salt  test.  Unfortunately  with  the  "lona"  the  apparatus  broke 
down,  and  only  one  test  Avas  made,  which  showed  priming  to  the 
amount  of  2  •  87  per  cent.  In  the  "  Ville  de  Douvres  "  trial  more 
tests  were  made,  all  of  which  showed  practically  no  priming. 

The  case  of  the  "  Tartar  "  is  one  which  must  be  dealt  with  somewhat 
fully.  It  is  clear  that  the  whole  of  the  measured  feed  cannot 
have  been  evaporated  by  the  quantity  of  coal  used  ;  if  it  had  been, 
84  •  1  per  cent,  of  the  total  heat  of  the  coal  would  have  been  spent  in 
doing  it,  leaving  only  15*9  per  cent,  for  loss  in  chimney  gases, 
radiation,  &c.  The  analysis  of  gases  however,  and  the  chimney 
temperature,  enable  us  to  calculate  that  22-1  per  cent,  must  have 
gone  away  in  the  waste  gases.  A  careful  inspection  of  the  log  sheets 
has  revealed  nothing  in  the  least  anomalous  in  the  observations. 
Unless  therefore  nearly  20  per  cent,  of  the  feed-water  which  was 
measured  through  the  tanks  never  reached  the  boilers  at  all,  the 
author  can  see  no  other  explanation  than  priming.  The  amount  of 
the  supplementary  feed  being  normal,  such  a  loss  between  feed  tank 
and  boilers  would  at  once  have  shown  itself  in  the  gauge  glasses ; 
but  as  a  matter  of  fact,  though  the  water-level  in  the  boiler  did  fall, 
it  was  very  little,  and  corresponds  in  amount  to  less  than  1  per  cent. 
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of  the  total  feed.  As  to  conditions  likely  to  cause  priming,  there  is 
the  fact  recorded  that  the  ship  was  light  and  the  weather  stormy,  so 
much  so  that  the  trial  was  carried  on  with  difficulty  towards  the  end. 
There  is  every  probability  therefore  that  the  water  in  the  boilers  was 
in  a  state  of  violent  agitation,  and  by  the  action  of  the  stays 
would  be  broken  up  into  foam,  a  condition  most  likely  to  lead  to 
priming.  That  there  was  considerable  priming  the  author  believes 
is  shown  by  calculations  from  the  indicator  diagrams  as  to  the 
amount  of  steam  actually  present  in  the  cylinders.  Considering 
first  the  high-pressure  cylinder,  there  was  present  just  after  cut-otf 
behind  the  piston,  that  is  including  the  clearance  volume,  3 '39  lbs. 
of  steam  per  revolution ;  while  just  before  the  point  of  release  this 
had  become  4 '  33  lbs.,  being  a  gain  of  0  •  94  lb.  or  over  27  per  cent., 
equivalent  to  18  per  cent,  of  the  feed.  There  was  no  jacket  in  use 
on  this  cylinder  ;  and  on  making  a  similar  calculation  for  the  three 
unjacketed  engines,  it  is  found  that  the  total  steam  at  the  end  of  the 
stroke  is  almost  exactly  what  it  was  at  the  beginning,  the  re- 
evaporation  being  very  slight.  [See  also  pages  73-4.]  Unless 
therefore  either  the  piston  (see  also  page  139)  or  the  valves 
were  leaking  badly,  which  there  is  no  reason  to  suppose  as  the 
engine  had  just  been  overhauled,  this  increase  must  have  been 
caused  by  evaj)oration  of  water  in  the  cylinder  itself.  It  seems 
to  the  author  that  this  difierence  can  possibly  be  explained  by 
the  i)riming ;  with  the  steam  there  came  over  in  a  finely 
divided  state  water  intimately  mixed  up  with  the  whole  body  of 
the  steam.  As  the  steam  expanded  after  cut-off  and  fell  in 
pressure,  this  water  evaporated.  This  action  would  be  confined 
to  the  core  of  the  mass  of  steam  ;  that  which  came  in  contact 
with  the  walls  and  surfaces  would  behave  as  usual,  condensing 
and  forming  a  fine  film  all  over  the  surfaces,  and  owing  to  the 
absence  of  jackets  would  be  only  very  slightly  re-evaporated. 
There  is  some  difficulty  however  in  this  explanation,  as  it  is  not 
clear  where  the  heat  necessary  for  this  considerable  evaporation  can 
have  come  from ;  the  loss  of  internal  energy  in  the  steam  as  it  fell 
in  pressure  is  not  sufficient,  as  proved  by  repeated  calculations.  The 
great  amount  of  water  noted  in  the  intermediate  cylinder  the  author 
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thinks  can  be  explained  by  initial  condensation  in  the  high-pressure 
cylinder,  apart  altogether  from  priming  ;  the  film  of  water  deposited 
on  the  high-pressure  cylinder  surfaces,  and  not  entirely  re-evaporated 
owing  to  the  jacket  not  being  in  use,  would  be  swept  into  the  receiver 
and  collect  there,  and  be  eventually  carried  into  the  intermediate 
cylinder.  The  whole  difficulty,  the  author  feels,  points  to  the 
absolute  need  of  priming  tests  in  all  such  trials,  if  the  results 
are  not  to  be  vitiated  by  an  unknown  quantity  as  in  this  case. 
Under  normal  working  conditions  most  probably  priming  would  be 
unlikely  with  such  boilers ;  but  the  fact  that  it  did  occur  proves  the 
need  of  always  testing  for  it.  It  is  noteworthy  that  in  the  "  lona," 
where  the  one  test  did  show  priming,  though  less  than  3  per  cent., 
there  was  great  condensation  in  the  high-pressure  cylinder. 

Funnel  Gases. — In  every  trial  samples  of  the  furnace  gases  were 
regularly  drawn  off,  and  afterwards  analysed  by  Mr.  Charles  J. 
Wilson.  In  the  "  Meteor  "  trial  the  samples  were  unfortunately  all 
spoiled  except  one  :  and  therefore  the  results  in  this  case  are  not  so 
valuable  as  in  the  other  trials.  The  temperature  of  the  furnace 
gases  was  also  measured  by  a  special  mercury  thermometer.  In 
Table   22   are   given   the   mean   chimney-draught  and   temperature 


TABLE  23. — Funnel  Gases ;   Weight,  Volume,  and  Velocity. 


Steamer. 

Funnel  Gases 

leaving  tubes  per  min. 

in  each  boiler. 

Sectional 
Area 

of  Tubes 
in  each 
boiler. 

Velocity 

of  Gases 

through 

tubes. 

Tube 

Surface 

per  lb. 

of  gases 

per  minute. 

Weight. 

Volume. 

Meteor 

Colchester 

Tartar 

Lbs. 
467 

933 

522 

Cub.  Ft. 
14,690 

30,360 

12,280 

Sq.  Feet. 

20-00 
17-89 

Ft.  p.  min. 

1,518 
686 

Sq.  Feet. 
6-16 

2-56 

4  19 

Fusi  Yama 

lona 

Ville  de  Douvres 

391 
200 
581 

10,200 

4,590 

20,010 

13-00 
9-13 

8-81 

785 

503 

2,272 

4-32 
6-49 

2-70 
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and  tlie  analyses  of  the  gases  by  weight ;  also  the  actual  weight  of 
air  used  per  lb.  of  fuel,  and  the  percentage  of  heat  lost  in  the  furnace 
gases.  In  Plate  3  are  shown  the  analyses  of  the  gases ;  also  in 
Fig.  6,  Plate  4,  their  temperature,  and  in  Fig.  7  the  heat  they  carry 
away,  and  the  air  actually  used. 

In  Table  23  is  given  the  weight  of  gases  which  must  have  passed 
up  the  funnel  per  minute  from  each  boiler ;  and  as  the  temperature 
of  these  gases  immediately  afterwards  is  known  (Table  22),  their 
volume  and  the  velocity  with  which  they  passed  out  of  the  tubes  into 
the  smoke-box  or  funnel  uptake  can  be  api^rosimately  calculated. 

When  the  figures  in  the  fifth  column  of  Table  28  are  divided  by 
those  in  the  sixth,  the  ratios  so  obtained  will  give  some  idea  of  the 
relative  loss  of  heat  in  the  waste  gases  from  the  difterent  boilers,  as 
follows : — 


Meteor 

—     \ 

Eatios  of  Telocity 

18-5  per  cent.   \ 

Colchester    . 

594-0 

of  Gases 

28-0    „      „ 

Percentages 

Tartar 

163-9 

through  tubes 
^                 to 

22-1    „      „ 

of  total  heat 
that  are 

Fusi  Yama  . 

181-7 

per  lb.  of  gases 

23-5    „      „ 

sent  up 

loua     . 

77-5 

Tube  Surface 

16-2    „      „ 

funnels. 

Ville  de  Douvres 

841-0^ 

per  minute. 

26-8    „      „      . 

The  temperature  of  the  "  lona "  gases  was  measured  at  a  point 
30  feet  above  the  bars,  and  therefore  the  velocity  through  the  tubes 
would  be  higher  than  here  given,  because  the  actual  temperature  just 
after  leaving  the  tubes  must  have  been  much  greater  than  that 
measured. 


Ah-  Siqiphj. — In  two  cases  there  were  double  funnels ;  the 
air  supply  has  therefore  been  calculated  for  each  separately,  and 
compared  with  the  rate  of  combustion  of  the  fuel  on  the  grates, 
and  with  the  chimney-draught. 

In  the  "  Colchester "  the  air  supj^ly  per  pound  of  coal  was 
16-00  lbs.  for  the  forward  funnel,  and  21-90  lbs.  for  the  aft; 
while  the  fuel  burnt  per  square  foot  of  grate  per  hour  was  25  •  94  lbs. 
for   the   forward   boiler,   and   26-27  lbs.   for   the   aft.      The  mean 
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chimney-draught  was  0  •  38  inch  of  water  in  the  forward  funnel, 
and  0-34:  inch  in  the  aft.  In  the  forward  funnel  the  much 
smaller  air  supply  with  nearly  12  per  cent,  more  draught  is 
marked,  and  seems  to  point  to  the  fact  that  it  is  not  possible  merely 
from  draught  alone  to  say  what  are  the  proportionate  quantities  of  air 
passing  through  two  furnaces. 

In  the  "  Ville  de  Douvres  "  the  air  supply  per  pound  of  fuel  was 
19*07  lbs.  for  the  forward  funnel,  and  16*78  lbs.  for  the  aft ;  while 
the  fuel  burnt  per  square  foot  of  grate  per  hour  was  32*1  and 
30*44  lbs.  respectively.  The  mean  chimney-draught  in  the  two 
funnels  was  the  same.  Here  again  the  figures  point  to  the  same 
conclusion  as  in  the  "  Colchester." 

Badiation.— In  the  heat  balance-sheet  given  in  Table  18,  the 
balance  unaccounted  for  is  presumably  due  in  the  main  to  radiation. 
In  order  to  check  this,  the  external  surfaces  of  the  boilers, 
from  which  radiation  takes  place,  have  been  calculated  on  the 
assumption  that  they  are  plain  cylinders  closed  at  each  end.  This 
supposition,  though  not  correct,  must  nevertheless  give  fairly  correct 
comparative  figures,  which  are  shown  in  Table  24. 


TABLE  24. — Heat  lost  by  Badiation  from  Boiler  Surfaces. 


Steamer. 

Radiat 

mg  Surface. 

Difference 
between 

Temperature 
of  Steam 

and  of  Air. 

Heat 

lost 

by 

Radiation. 

Heat  lost 
per  sq.  foot 
of  surface 
per  hour. 

Total. 

Per  lb.  of 
Fuel  burnt 
per  minute. 

Sq.  Feet. 

Sq.  Feet. 

Fahr. 

Per  cent. 

Th.  Units. 

Meteor   .      .      . 

1,929 

28-9 

308° 

11-8 

3,120 

Colchester   . 

2,021 

21-1 

269° 

6-6 

2,470 

Tartar    .      .      . 

1,735 

54-2 

307° 

— 

— 

Fusi  Yama  . 

730 

44-4 

249° 

8-4 

1,450 

lona 

1,384 

88-1 

311° 

13-0 

1,430 

Ville  de  Douvres 

2,G9G 

21-9 

278° 

4-0 

1,580 

F   2 
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With  a  boiler  of  the  locomotive  type  but  with  only  a  low  rate  of  coal 
consumption,  the  author  has  found  a  loss  by  radiation  of  10  per  cent, 
with  a  2-inch  coating  of  non-conducting  material.  The  losses  in 
Table  24  therefore  are  apparently  what  would  be  expected  in  boilers 
with  the  rates  of  consumption  here  met  with.  The  high  radiation  in 
the  "  lona  "  there  can  be  no  doubt  is  mainly  due  to  the  large  size  of 
the  boilers  used  for  the  power  developed,  and  therefore  to  the 
excessive  radiation-surface  per  pound  of  fuel  burnt  per  minute.  In 
the  "  Meteor "  and  the  "  Fusi  Yama  "  it  must  be  remembered  that 
the  results  can  be  considered  only  approximate,  owing  to  the  few 
samples  of  gas  collected. 

Boilers,  General  Conclusions. — The  "  Tartar,"  on  account  of  the 
uncertainty  of  the  amount  of  priming,  must  be  omitted  from 
consideration.  The  efficiency  of  the  double-ended  boilers  is  62  per 
cent.,  of  the  single-ended  67  •  5  ;  this  gain  is  jDartly  due  to  less  loss  in 
furnace  gases,  but  more  apparently  to  the  prevention  of  imperfect 
combustion,  even  with  a  high  rate  of  fuel  consumption.  The  "  Meteor  " 
ooilers  would  in  all  probability  give  a  higher  efficiency  with  forced 
draught,  the  small  size  of  the  tubes  being  a  drawback  when  working 
with  natural  draught.  The  high  efficiency  of  the  "  lona  "  working 
with  such  small  grates  would  seem  to  point  to  the  fact  that,  by  the 
adoption  of  some  system  of  forced  draught  and  a  reduction  in  the 
length  of  the  grates,  the  efficiency  of  the  average  marine  boiler  would 
be  sensibly  increased.  At  the  same  time  the  boilers  of  the  "  Yille 
de  Douvres  "  show  that,  where  a  very  high  rate  of  fuel  consumption 
has  to  be  obtained  from  a  given  boiler,  then  forced  draught  and  large 
grates  with  only  the  normal  proportion  of  heating  surface  can  be 
used,  and  the  boiler  will  still  be  efficient.  The  greater  loss  incurred 
by  sending  the  furnace  gases  away  hotter  is  partly  counterbalanced 
by  the  proportionally  smaller  radiation  per  pound  of  fuel.  Unless 
some  plan  can  be  devised  for  utilizing  the  waste  heat  passing  away 
through  the  chimney,  it  seems  that  about  70  per  cent,  is  likely  to 
be  the  maximum  amount  utilized  of  the  total  heat  of  the  fuel  in  the 
present  type  of  marine  boiler. 
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Engines. — In  three  of  the  steamers  the  engines  were  two-cylinder 
compound,  and  in  the  other  three  triple  compound.  They  will 
therefore  be  discussed  in  these  two  groups,  and  also  in  regard  to 
jacketing  of  cylinders,  and  other  points  of  general  design.  The  two- 
cylinder  compound  sets  were  the  "Pusi  Yama"  ordinary  inverted 
vertical,  the  "  Colchester  "  twin  inverted  vertical,  both  screw  engines ; 
and  the  "  Ville  de  Douvres  "  inclined  paddle  engines.  None  of  these 
had  jacketed  cylinders.  The  triple  sets  were  the  "  Meteor "  and 
the  "  Tartar  "  with  all  three  cylinders  jacketed,  but  on  the  trial  of 
the  "  Tartar "  the  intermediate  and  low-pressure  jackets  only 
were  in  use ;  and  the  "  lona "  with  the  high-pressure  cylinder 
jacketed.  All  of  these  engines  were  of  the  ordinary  inverted  marine 
type.  Table  25  (page  54)  gives  their  leading  dimensions ;  and 
Plate  5  shows  the  cylinder  volumes  and  the  relative  clearance 
volumes.  The  following  additional  particulars  will  be  of  value  in 
considering  the  results  obtained. 

"  Fusi  Yama."  The  cranks  are  at  right  angles,  the  low-pressure 
leading.  Steam  is  distributed  to  each  cylinder  by  a  single  slide- 
valve  worked  by  ordinary  link-motion.  The  receiver  forms  a  belt 
round  the  high-pressure  cylinder. 

"  Colchester."  The  two  engines  are  entirely  separate,  a  condenser 
between  being  common  to  both.  The  cranks  are  at  right  angles,  the 
high-pressure  leading.  The  valve-gear  is  ordinary  link-motion. 
The  high-pressure  cylinder  has  a  piston-valve,  and  the  low-pressure 
a  double-ported  slide.  The  receiver  forms  a  belt  round  the  high- 
pressure  cylinder. 

"Ville  de  Douvres."  The  engines  are  inclined.  The  high- 
pressure  crank  leads,  the  two  cranks  being  at  right  angles.  The 
receiver  encircles  the  high-pressure  cylinder.  The  high-pressure 
cylinder  is  fitted  with  a  pair  of  piston-valves,  the  low-pressure  with 
one ;  and  in  each  case  the  gear  is  the  Allan  link-motion. 

Since  there  are  no  jackets  to  any  of  these  three  sets  of  engines, 
there  are  no  liners  to  any  of  the  cylinders. 

"  Meteor."  The  cranks  follow  in  the  order — high,  intermediate, 
low.  The  ends  of  the  cylinders  are  not  jacketed,  the  total  length 
of  the  jackets  being   about  4  feet.     All  the  valves  are  jjiston-valves, 
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worked  by  ordinary  link-motion  ;  the  valves  are  single  for  the  high- 
pressure  cylinder,  double  for  the  others. 

"Tartar."  The  cranks  rotate  in  the  seq^uence — high,  low, 
intermediate.  The  cylinders  are  fitted  with  jackets  on  the  body 
and  on  both  ends;  except  the  high-pressure  cylinder,  which  has 
only  body  and  top  end  jacketed.  The  valves  are  piston-valves 
for  the  high-pressure  and  intermediate  cylinders,  and  a  double- 
ported  slide-valve  for  the  low-pressure,  all  worked  by  Wyllie's 
elliptical  gear,  with  independent  adjustment  for  the  cut-off. 

"lona."  The  cranks  rotate  in  the  order— high,  intermediate, 
low.  Only  the  high-pressure  cylinder  is  jacketed.  The  valves  for 
the  high  and  low-pressure  cylinders  are  ordinary  double-ported,  and 
for  the  intermediate  a  Trick  slide-valve  is  used.  The  intermediate 
receiver  encircles  the  high-pressure  valve-chest  and  part  of  the 
jacket,  and  the  low-pressure  receiver  another  part  of  the  high- 
pressure  jacket. 

Observations  made. — In  addition  to  those  already  described  in 
page  40,  the  following  were  also  made.  Indicator  diagrams  were  taken 
simultaneously  from  both  ends  of  every  cylinder  at  half-hourly 
intervals;  all  engine-room  and  other  gauges  and  also  the  counter 
were  read  at  the  same  intervals.  In  the  "lona"  trial,  diagrams 
were  also  taken  from  some  of  the  pumps  and  from  the  receivers. 
The  diagrams  were  used  to  determine  the  power,  initial  steam- 
pressures,  release  pressures,  back  pressures,  and  also  the  quantity 
of  steam  present  in  each  cylinder  at  various  points  in  the  stroke. 
Unfortunately  it  was  not  possible  to  measure  the  quantity  of 
condensing  water  used,  nor  in  several  of  the  trials  the  rise  of 
temperature  of  this  water ;  there  is  therefore  no  possibility  of  making 
a  complete  balance-sheet  for  the  engines,  such  as  was  given  in  the 
reports  for  the  boilers.  Considering  the  enormous  quantity  of  water 
used  for  condensing  purposes  with  such  large  engines,  there  does  not 
seem  any  prospect  of  successfully  measuring  it ;  meters  the  author 
thinks  are  out  of  the  question. 

From  the  observations  it  is  possible  therefore  to  make  only  two 
calculations  for  the  balance-sheet :    one  the  total  heat  received  per 
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minute  by  the  engines,  including  therein  heat  given  both  to  the 
cylinder  steam  and  to  the  jacket  steam  ;  and  the  other  the  useful 
■work  done  per  minute.  The  ratio  of  these  two  quantities  gives  the 
actual  efficiency  of  the  engines.  Unfortunately  in  the  only  trial  in 
which  all  the  cylinders  were  jacketed,  the  steam  condensed  in  them 
could  not  be  measured  apart  from  that  used  in  them.  What 
proportion  of  the  heat  unaccounted  for  in  the  balance-sheet  was 
rejected  in  the  condensing  water,  and  what  went  in  radiation,  there 
is  therefore  not  the  means  of  stating,  though  by  certain  calculations 
the  amount  can  be  approximately  arrived  at  in  the  "  lona  "  and  the 
"  Ville  de  Douvres." 

Poioer  Measurement. — The  indicators  used  were  as  follows:  in 
the  "  Meteor "  trial,  Crosby  ;  in  the  "  Fusi  Yama  "  for  the  high- 
pressure  cylinder,  Darkes,  and  for  the  low-pressure,  Eichards ;  in 
the  "  Colchester,"  "  Tartar,"  and  "  lona  "  trials,  Mclnnes ;  and  in  the 
"  Ville  de  Douvres,"  Eichards.  In  all  cases  the  indicators  were  as 
close  to  the  cylinders  as  possible,  the  connections  being  short  large 
pipes,  free  from  bends.  The  instructions  for  taking  diagrams,  issued 
to  each  observer  engaged  on  this  work  in  any  trial,  and  printed  in 
page  241,  1890,  show  what  great  care  was  taken  to  ensure  accuracy 
in  the  diagrams.  In  Tables  26  and  27  (pages  56-57)  are  given  the 
results  obtained  from  the  diagrams,  and  also  the  mean  readings  from 
some  of  the  gauges.  The  diagram  in  Plate  6  shows  the  boiler 
pressure,  the  initial  pressure  in  the  high-pressure  cylinder,  the  mean 
effective  pressure  in  each  cylinder,  the  exhaust  pressure  in  the  low- 
pressure  cylinder,  the  condenser  vacuum,  and  the  barometric  pressure. 
In  Plate  7  are  shown  the  whole  of  the  mean  indicator  diagrams. 
Plate  8  shows  the  indicated  horse-power  in  each  cylinder. 

One  of  the  most  striking  features  in  Table  26  is  the  considerable 
difference  between  the  average  back-jn-essure  in  the  low-pressure 
cylinder  and  the  condenser  jjressure.  In  Table  28  is  shown  for  each 
steamer  the  amount  of  this  difference,  and  the  equivalent  increased 
horse-power  which  would  have  been  obtained  in  the  low-pressure 
cylinder,   had    its    back-pressure    been   the   same    as   that   of  the 
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condenser;  and  this   increase  would  of  course  have  been  brought 
about  without  the  expenditure  of  any  more  steam. 

As  regards  the  "  Villa  de  Douvres"  however,  this  comparison  hardly 
suffices,  because  her  condenser  vacuum  was  so  bad  on  the  day  of  the 
trial  that  the  loss  was  really  much  more  serious.  Omitting  the  "  lona," 
where  a  remarkably  good  vacuum  was  obtained,  the  average  absolute 
condenser-pressure  in  the  other  four  steamers  was  2-31  lbs.,  whilst 
that  in  the  trial  of  the  "  Yille  de  Douvres"  was  as  much  as 
4-72  lbs.;  a  further  loss  of  pressure  of  2-41  lbs.  per  square  inch 
should  therefore  be  allowed  for  this,  which  would  increase  the  loss  of 
power  by  237*5  horse-power,  and  make  the  total  percentage  12*4  in 
the  "  Ville  de  Douvres,"  instead  of  only  4  •  4  per  cent.  In  every  case 
therefore,  except  the  "Meteor,"  this  loss  is  sufficiently  great  to 
justify  some  attempt  to  diminish  it  by  increasing  the  size  of  the 


TABLE  28. 

Difference  between  Bach-Pressure  in  Low-pressure  Cylinder 
and  Pressure  in  Condenser  ;  and  equivalent  Horse-power. 


Steamer. 

Difference 

between  Back-Pressure 

in  Low-pressure  Cylinder 

and  Condenser  Pressure 

per  square  inch. 

Equivalent  Horse-power. 

Actual. 

Percentage  of 

Total  Horse-power 

developed., 

Two- cylinder 
Compound. 

Lb.-. 

H.P. 

Per  cent. 

Fusi  Yama 

1-58 

28-94 

7-8 

Colchester 
Ville  de  Douvres 

1-94 
1-34 

/77-20\ 

\77-20/ 

132-10 

7-8 
4-4 

Triple  Compound, 

Meteor 

0-57 

37-99 

1-9 

Tartar 

2-40 

132 -GO 

12-2 

loua 

1-14 

31-82 

5-4 
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exhaust  passages  or  other  suitable  means  ;  from  the  results  with  the 
"  Meteor  "  low-pressure  cylinder  it  seems  clear  that  it  can  be  reduced 
to  a  very  small  amount.  It  should  be  stated  that  these  calculations 
assume  the  condenser  gauges  to  have  been  indicating  correctly ;  they 
were  tested  only  in  the  "  lona  "  and  "  Ville  de  Douvres." 

Another  notable  point  is  the  considerable  wire-drawing  of  steam 
between  the  boiler  and  the  high-pressure  cylinder.  This  is  no  doubt 
largely  due  to  the  action  of  the  valve-gear,  since  the  gauges  on  the 
high-pressure  valve-chest  show  a  much  closer  agreement  with  the 
boiler ;  for  instance,  with  the  "  lona "  the  pressures  are — boiler 
179-58,  valve-chest  174-58,  initial  in  cylinder  157-08  lbs.  per 
square  inch.  It  certainly  does  not  seem  worth  while  to  design  a 
boiler  to  carry  such  a  heavy  pressure  as  180  lbs.  absolute,  if  nearly 
13  per  cent,  of  this  is  to  be  lost  between  the  boiler  and  the  first 
cylinder  :  though  no  doubt  the  superheating  produced  may  lessen 
initial  condensation,  and  thereby  make  up  the  loss. 

Feed-Water. — This  having  already  been  dealt  with  very  fully 
in  connection  with  the  boilers,  it  will  be  necessary  to  give  only 
a  few  additional  figures,  referring  the  consumption  of  feed-water 
to  the  engine  and  to  the  horse-power  developed.  In  the  trials  of 
the  "  Meteor "  and  the  "  Colchester "  the  circulating  pump  was 
driven  by  a  separate  engine  deriving  its  steam  from  a  separate  boiler ; 
while  in  the  "  Tartar,"  the  "  Fusi  Yama,"  and  the  "  lona  "  it  was  driven 
by  the  main  engine.  In  the  "  Ville  de  Douvres "  trial,  both  this 
engine  and  the  fan  engines  drew  their  steam  from  the  main  boilers ; 
but  supplementary  trials  were  afterwards  made  to  determine  their 
steam  consumption,  and  corrections  are  made  in  the  total  feed  in  the 
main  trial,  to  allow  for  the  steam  they  used.  In  Table  29  the  figures 
apply  to  the  main  engines  only.  The  actual  economy  of  the  machinery 
in  the  "  Tartar,"  the  "  Fusi  Yama,"  and  the  "  lona  "  is  therefore  really 
greater  in  comparison  with  the  other  engines  than  is  shown  by 
Table  29,  because  the  rate  of  steam  consumption  in  the  auxiliary 
engines  would  be  much  higher  than  in  the  main  engines.  Plate  9, 
illustrating  Table  29,  shows  the  weight  of  feed-water  used  per 
indicated  horse-power  per  hour,  and  the  engine  efficiency ;  and  on 
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the  same  diagram  has  been  added  from  Table  18  the  carbon- value  of 
the  fuel  j)er  indicated  horse-power  j)er  hour. 

Steam-jackets. — None  of  the  two-cylinder  compound  engines 
were  fitted  with  jackets ;  attention  is  therefore  confined  to  the 
triple  engines  for  the  purpose  of  comparison.  Unfortunately  it 
was  not  possible  to  measure  separately  the  steam  condensed  in 
the  "  Meteor "  jackets,  but  only  the  steam-jiressure  in  the  jackets 
was  measured ;  the  wetness  of  the  steam  in  the  cylinders  is  known 
therefore  only  approximately.  For  the  other  two  steamers  the 
quantity  condensed  in  the  jackets  is  known,  and  therefore  the 
percentage  of  total  feed  so  used.  The  necessary  figures  are  given  in 
Table  30.  There  are  thus  only  two  examples  of  the  high-pressure 
cylinder  jacketed,  against  one  unjacketed  or  practically  so.  On 
calculating  from  the  indicator  diagrams  the  steam  present  in  the 
high-pressure  cylinder  just  after  cut-off,  it  is  found  that  the 
percentages  of  total  feed  so  accounted  for  are  : — "  Meteor  "  77  •  1  ; 
"lona"  63-4;  "Tartar"  45*2  per  cent.  In  the  "Tartar"  it  is 
impossible  to  say  how  much  of  the  excessive  wetness  of  the  steam 
may  have  been  due  to  priming,  and  how  much  to  initial  condensation 
intensified  moreover  by  priming.  In  the  "  lona  "  the  percentage  of 
total  feed  condensed  in  the  steam-jacket  is  not  high,  and  may  to  some 
extent  explain  the  greater  wetness  of  the  steam  than  in  the  "  Meteor," 
especially  when  it  is  remembered  that  the  "  lona "  jacket  gave 
heat  not  only  to  the  high-pressure  cylinder  but  also  to  the  second 
receiver. 

On  examining  the  percentages  of  steam  present  near  the  end  of  the 
stroke  in  the  intermediate  cylinder,  the  results  given  in  the  reports 
appear  anomalous.     They  are  : — 

Meteor  80*2  per  cent,  steam,  or  3"1  per  ceut.  more  than  at  cut-ofif  in  high-p.  cyl. 

Tartar  58^- 2       „  „  130,, 

lona      74-9       „  „  11-5       „  „  „  „ 

The  "  lona  "  having  no  jacket  to  her  intermediate  cylinder,  it  seems 
difficult  to  believe  that  there  has  been  much  re-evaporation  in  this 
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cylinder.  It  has  therefore  been  thought  worth  while  to  calculate 
the  percentage  of  steam  present  just  before  release  in  the  high- 
pressure  cylinder,  in  order  to  detect  whether  there  was  condensation 
or  re-evai)oration  going  on  during  the  stroke  in  that  cylinder.  The 
following  are  the  results  of  the  calculation  : — 

Tartar  63*9  per  cent,  steam  at  release,  or  18  7  per  cent,  more  than  at  cut-off. 
lona     65  "5       „  „  ,,  2'1         ,,  „  „ 

These  results  seem  to  show  slight  re-evaporation  in  the  "  lona " 
during  the  high-pressure  stroke,  and  a  great  amount  in  the 
'•  Tartar  "  :  which  appears  extraordinary  when  it  is  remembered  that 
the  "  lona  "  high-pressure  cylinder  was  well  jacketed,  while  in  the 
"  Tartar  "  the  jacket  was  practically  not  in  use.  In  order  to  test 
the  matter  more  conclusively,  the  total  weight  of  steam  present  in 
the  high-pressure  cylinder  and  clearance  has  been  calculated  for  two 
points,  one  just  after  cut-off  and  one  just  before  release.  The 
figures  are  given  in  Table  31. 

The  great  re-evaporation  in  the  "  Tartar  "  the  author  thinks  is  to 
be  explained  only  by  the  assumption  of  priming  (see  also  pages  72-4)  ; 
a  large  quantity  of  water  must  have  been  carried  over  with  the  steam, 
and  afterwards  evaporated.  The  difficulty  however  still  remains  of 
explaining  where  the  heat  needed  for  this  purpose  came  from ;  and 
at  present  the  author  sees  no  way  of  accounting  fur  it  satisfactorily. 

In  Table  32  is  shown  for  each  steamer  the  percentage  of  total 
feed  present  as  steam  in  the  high-pressure  cylindt-r  after  cut-off,  and 
before  release  in  this  and  the  other  cylinders.  The  diagram  in 
Plate  10  shows  the  same  percentages  graphically,  at  A  after  cut-off 
in  the  high-pressure  cylinder,  at  B  before  release  in  the  same 
cylinder,  at  C  before  release  in  the  intermediate  cylinder,  and  at  D 
before  release  in  the  low-pressure  cylinder. 

From  these  figures  it  is  seen  that  just  after  cut-off  in  the  high- 
pressure  cylinder  the  unjacketed  two-cylinder  compound  engines 
actually  show  present  as  steam  a  much  greater  projiortion  of  the 
total  feed  than  do  the  jacketed  triple  engines.  As  the  only 
explanation  which  seems  at  all  feasible  is  that  the  area  of  surface 
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TABLE  31. — Steam  in  High-pressure  Cylinder  {including  clearance) 
at  Cut-off  and  at  Belease. 


Steamer. 


High-pressure 

Cylinder 

Jacketed  or 

Not  jacketed. 


Weight  of  Steam  per  rev. 
After  Cut-off.   At  Release. 


Gain. 

Per  cent. 

on 

total 

feed. 


Fusi  Yama  . 

Colchester 

Ville  de  Douvres 

lona. 

Tartar    .     .     . 


Not  jacketed 

Not  jacketed 

Not  jacketed 

Jacketed 

Jacket  not  in  use 


Lbs. 
2-24 

6-77 

27-02 

2-26 

3-39  t 


Lbs. 
2-31 

6-84 

26-36 

2-44 

4-33 


Per  cent. 
3-0 

0-8 

—  0-2 

7-7 

18-3 


t  See  also  pages  72-4. 


TABLE  32. — Percentage  of  total  feed  present  as  Steam  in  Cylinders 
at  different  points  in  stroke.     See  Plate  10. 


Steamer. 

High-pressi 

After 
Cut-off. 

ire  cylinder. 

Before 
Eelease. 

Intermediate. 
Before  Release. 

Low-pressure. 
Before  Release. 

Two-cyl.  Compound. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Fusi  Yama    .     . 

N  83-1 

N  88-1 

— 

N  70-8 

Colchester     .     . 

N  72-0 

N  75-2 

— 

N  52-7 

Ville  de  Douvres 

N  80-6 

N  79-3 

— 

N  72-5 

Triple  Compound. 

Meteor     . 

J  77-1 

J    — 

J  80-2 

J  75-3 

Tartar      .     .      . 

N  45-2 t 

N  63-9 

J  58-2* 

J  60-3 

lona   .... 

J  63-4 

J  65 -.5 

N  74-9 

N  59-1 

J  =  Jacketed.      N  =  Not  jacketed. 


49*1  at  a  much  earlier  point  in  stroke. 
o 
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in  the  jacketed  cylinders  must  be  greater  per  pound  of  steam 
entering  per  stroke,  this  has  been  calculated  out,  and  the  results  are 
shown  in  Table  33  ;  and  graphically  for  the  "  Meteor  "  and  "  lona  " 
in  Plate  11.  An  inspection  of  the  indicator  diagrams,  Plate  7,  shows 
that  in  almost  all  of  them  the  compression  in  the  high-pressure 
cylinder  was  carried  up  nearly  to  the  initial  pressure  of  the  entering 
steam,  except  in  the  "  Colehester  "  where  the  compression  was  small. 
It  seems  therefore  unlikely  that  the  clearance  surfaces  can  have 
had  any  great  effect  in  causing  condensation  of  the  entering  steam  ; 
the  difference  of  temperature  must  have  been  slight,  and  the 
clearance  walls  must  have  been  almost  dry.  On  the  other  hand  the 
surface  of  the  cylinder  walls  is  exposed  to  a  considerable  range  of 
temperature,  namely  from  the  exhaust  temperature  up  to  that  of  the 
initial  steam.  It  is  therefore  to  be  expected  that,  where  this  surface 
was  larger  per  pound  of  steam  admitted  per  stroke,  the  condensation 
would  be  greater  for  a  given  range  of  temperature.  The  figures  in 
Table  33  for  the  "  Meteor  "  and  "  lona,"  both  jacketed,  show  that  this 
expectation  is  fulfilled  pretty  closely  ;  the  anomalous  figures  for  the 
*'  Tartar,"  when  its  small  surfaces  and  low  range  of  temperature  are 
considered,  can  be  explained  only  on  the  assumption  of  the  enormous 
influence  exerted  by  the  priming  water  present. 

In  the  non-jacketed  engines,  no  explanation  seems  satisfactory  for 
the  high  percentage  of  steam  present  in  the  "  Fusi  Yama ; "  judging 
from  the  large  surface  exposed  to  the  entering  steam,  considerable 
initial  condensation  would  be  expected,  while  as  a  matter  of  fact  there 
appears  to  have  been  but  little.  It  is  generally  found  that  an  engine 
with  large  initial  condensation  is  uneconomical,  and  more  so  than 
an  engine  with  small  initial  condensation ;  but  the  figures  for  the 
"Meteor"  and  "lona"  present  an  apparent  discrepancy,  their  initial 
condensation  being  respectively  22*9  and  36*6  per  cent.,  while  the 
steam  consumption  per  horse-power  per  hour  is  14 '98  and  13*35  lbs. 
respectively.  The  explanation  however  is  most  probably  to  be 
found  in  the  much  larger  ratio  of  expansion  ado2)ted  in  the  "  lona," 
and  the  consequent  partial  saving  of  the  loss  due  to  incomplete 
expansion  of  steam  down  to  the  back-pressure. 

o  2 
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Expansion  of  Steam. — By  measurement  of  the  approximate  point 

of  cut-off  from  mean  indicator  diagrams,  the  total  ratio  of  expansion 

has  been  calculated  as  follows : — 

Absolute. 

Two-cylinder  J 
Compound.      | 


Triple 
Compound. 


It  will  be  seen  that,  except  in  the  "  Fusi  Yama,'"  the  two-cylinder 
compound  engines  with  their  late  cut-off  obtain  only  a  comparatively 
small  ratio  of  expansion  for  the  boiler  pressures  at  which  they  work. 
Since  the  use  of  simple  valve-gear  seems  indispensable,  owing  to  the 
necessity  of  avoiding  complications  in  the  working  of  such  engines, 
the  consumption  of  steam  per  horse-power  per  hour  is  likely  to 
remain  over  20  lbs.  in  unjacketed  engines,  contrasting  unfavourably 
with  the  results  obtained  in  compound  engines  on  land.     The  great 


Fusi  Yama    . 

6-1  times. 

Boiler 

pressure 

71 -64  lbs. 

Colchester 

6-1       „ 

95-50  lbs. 

Ville  de  Douvres     . 

5-7      „ 

120-64  lbs. 

Meteor 

10-6      „ 

160-10  lbs. 

Tartar 

15-7      „ 

158-20  lbs. 

lona 

190      „ 

179-58  lbs. 

TABLE  34. 
Weight  of  Machinery,  and  Indicated  Horse-Power. 


Steamer. 

Wei 
Mac 

Total. 

ght  of 
linery. 

Perl.H.P. 

Indicated  I 
Total. 

[orse-Power. 

Per  ton. 
See  Plate  12. 

Net  Volume 
of  Boiler 
per  I.H.P. 

See  Plate  12. 

Two-cylinder 
Compound. 

Tons. 

Lbs. 

I.H.P. 

I.H.P. 

Cubic  Feet. 

Fusi  Yama  .     . 

100 

603 

371-3 

3-7 

4-53 

Colchester    .      . 

395 

448 

1979-7 

5-0 

2-52 

Ville  de  Douvres 

361 

272 

2977-0 

8-2 

2-09 

Triple  Compound. 

Meteor    . 

390-5 

439 

1994-0 

5-1 

2-72 

Tartar     .     .     . 

291 

599 

1087-4 

3-7 

4-33 

lona  .... 

202 

701 

645-4 

3-2 

4-15 

Feb.   1894.  MARINE-ENGINE    TRIALS.  69 

expansion  obtained  in  the  "  lona  "  with  its  high  efficiency  is  a  proof 
of  the  fact  that  economy  results  from  such  practice.  It  is  in  all 
probability  due  to  this  high  ratio  of  expansion  that,  though  a  much 
greater  initial  condensation  is  shown  in  her  high-pressure  cylinder 
as  compared  with  the  "Meteor,"  still  the  consumption  of  steam  is 


Weight  and  Horse-Power. — It  may  be  useful  to  give  in  Table  34 
the  actual  weight  of  machinery  when  in  working  order,  and  the 
horse-power  developed.  In  Plate  12  is  shown  the  indicated  horse- 
power per  ton  of  machinery  and  per  cubic  foot  of  boiler  volume. 

Circulating  Water. — Only  in  the  last  two  trials  made,  namely  the 
"  lona  "  and  the  "  Ville  de  Douvres,"  was  any  regular  measurement 
attempted  of  the  temperatures  of  the  circulating  water.  [See 
page  116.]  The  temperatures  of  the  inlet  and  the  outlet  were 
measured,  as  well  as  the  hot-well  temperature.  They  were  as 
follows : — 

lona.         .         .         .     55-8°inletand75-.'i°outlet  =  19-7°rise. 
Ville  de  Douvres  .     61-7°  inlet  and  85  •  0°  outlet  =  23-3°  rise. 

Calculating  from  the  heat  contained  in  the  steam  at  release  in  the 
low-pressure  cylinder,  the  quantity  of  circulating  water  per  pound  of 
steam  must  have  been  52  •  5  and  43  •  1  lbs.  respectively,  with  9  •  47 
and  6  •  93  square  feet  of  condensing  surface  respectively  per  pound  of 
steam  per  minute.  Table  35  (page  70)  gives  the  amount  of  cooling 
surface  in  the  surface  condensers,  and  the  various  temperatures  of 
circulating  water  and  condensed  steam. 

Conclusions.  —  A  highly  important  point  as  to  the  possible 
economy  of  triple  compound  engines  the  author  considers  still 
remains  undecided,  namely  the  influence  of  thorough  jacketing.  The 
ratio  of  expansion  differs  so  greatly  in  the  "  Meteor  "  and  the  "  lona  " 
that  it  is  not  possible  to  compare  them  in  regard  to  jacket  influence. 
What  is  wanted  to  determine  this  point  is  a  pair  of  consecutive  trials 
on  the  same  set  of  engines  in  which  all  three  cylinders  are  jacketed, 
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one  trial  with  none  of  the  jackets  in  use,  the  other  with  all  three  in 
use.  If  the  "  lona "  engines  had  been  thoroughly  jacketed,  still 
greater  economy  the  author  believes  would  have  been  obtained,  when 
her  great  expansion  is  considered. 

One  of  the  chief  objects  of  the  Committee  was  to  show  that  it  is 
perfectly  practicable  to  carry  out  a  complete  test  of  the  propelling 
machinery  of  a  steamer  without  seriously  interfering  in  any  way  with 
the  ordinary  working ;  this  the  author  thinks  has  been  decisively 
proved.  Further  the  trial  of  the  "Ville  de  Douvres"  has  shown 
that  by  using  a  meter  the  measurement  of  the  feed  may  be  made  as 
simply  and  easily  as  the  weighing  of  the  coal.  If  indicator  diagrams 
are  taken  at  regular  intervals,  and  fuel  and  feed  measured  over  a 
given  time,  the  absolute  efficiencies  of  both  boilers  and  engines  are 
determined  with  as  much  accuracy  on  board  ship  as  on  land,  though 
of  course  as  a  rule  with  more  discomfort  to  the  observers.  The  work 
of  the  Committee  the  author  therefore  trusts  will  induce  shipowners 
to  have  systematic  tests  made  of  the  propelling  machinery  of  their 
steamers,  as  is  now  done  on  land  by  millowners  and  other  large  users 
of  steam  power. 


Discussion. 


Professor  Beare  mentioned  that  this  paper  had  originally  been 
prepared  and  announced  for  the  meeting  in  April  of  last  year ;  but 
owing  to  want  of  time  for  the  reading  and  discussion  at  that  meeting 
it  had  been  deferred  until  the  present  meeting.  During  the  interval 
he  had  seen  reason  to  modify  his  views  materially  with  regard  to  the 
important  question  of  the  behaviour  of  the  "  Tartar  "  during  her  trial. 
Originally  he  had  been  strongly  disposed  to  reject  as  untenable  the 
assumption  that  priming  must  have  taken  place  to  a  large  extent ; 
and  he  had  considered  that  some  explanation  of  the  perplexity  might 
be  found  in  an  unsusi^ected  loss  between  the  feed-tanks  and  the 
boilers.  The  arrangement  of  the  numerous  pipes  was  naturally 
complicated  enough  to  begin  with  ;  and  as  alterations  had  to  be  made 
for  the  trial,  it  seemed  possible  that  by  some  mischance  water  might 
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have  been  allowed  to  escape  at  some  undetected  point.  Yet  if  that 
had  been  so,  the  loss  must  have  been  found  out  by  examination  of 
the  records,  which  would  have  revealed  the  fact  that  there  was 
an  unduly  large  amount  of  supplementary  feed-water  ;  otherwise 
the  boiler  level  must  have  fallen,  because  the  water  measured  in  the 
feed-tanks  was  only  the  condensed  steam  from  the  main  engines 
together  with  the  supplementary  feed,  assuming  of  course  that  the 
condenser  was  tight.  He  had  therefore  examined  the  records  again 
most  carefully,  and  had  found  in  them  nothing  whatever  to  justify 
the  assumption  that  there  was  an  undue  supplementary  feed.  The 
only  fact  he  had  come  across  was  a  solitary  note  made  by  Mr. 
Edwards  in  one  of  the  log  sheets,  to  the  effect  that  at  a  certain  time 
in  the  trial,  namely  at  8.2  p.m.,  "  the  steering  engine  was  now 
exhausting  into  the  condenser,  along  with  the  donkey."  This  was 
the  only  note  in  the  record  of  the  supplementary  feed ;  and  it 
appeared  to  him  that  the  small  quantity  of  steam  condensed  from 
those  two  engines  could  not  at  all  make  up  anything  like  the  large 
loss  he  wanted  to  account  for.  He  had  accordingly  had  to  give  up 
the  idea  that  the  explanation  could  be  found  in  loss  of  water  between 
the  feed-tanks  and  the  boilers.  Casting  about  therefore  for  some 
other  explanation,  he  had  hit  upon  the  idea  of  calculating  from  the 
indicator  diagrams  the  quantity  of  steam  actually  present  in  the 
cylinders  at  different  points  of  the  stroke.  The  results  of  this 
calculation  were  given  in  page  47  and  Table  31,  from  which  it 
would  be  noticed  that  there  was  a  much  larger  quantity  of  steam 
present  in  the  high-pressure  cylinder  just  before  release  than  just 
after  cut-off.  The  increase  could  have  arisen  only  either  from 
evaporation  or  rather  re-evaporation,  or  else  from  leakage  past 
the  valve.  As  the  engines  had  been  overhauled  immediately 
before  the  trial,  it  seemed  inconceivable  that  so  large  an  amount 
of  leakage  could  take  place  past  the  valve  ;  and  he  had  therefore 
concluded  that  the  cause  must  be  re-evaporation.  It  was  true 
that  careful  calculations  of  the  quantity  of  heat  present  at  the 
two  points  had  failed  to  show  where  the  heat  could  have  come 
from  to  account  for  the  supposed  re-evaporation.  Yet  at  that  time 
he  did  not  see  any  other  explanation  for  the  increase  in  the  quantity 
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of  steam  present.  In  this  connection  too  he  remembered  the  curious 
effects  he  had  seen  in  Mr.  Donkin's  glass  "  revealer,"  in  which  on 
admission  of  steam  into  the  glass  cylinder  the  whole  body  of  it 
immediately  became  cloudy,  and  then  as  the  stroke  proceeded 
in  the  engine  cylinder  the  cloudiness  gradually  disappeared  from 
within  the  glass.  While  inclining  towards  this  explanation,  he  was 
nevertheless  doubtful  about  it,  owing  to  the  fact  already  mentioned 
that  by  no  calculation  could  he  make  out  where  the  heat  could 
come  from  for  this  amount  of  evaporation  or  of  re-evaporation. 
The  calculations  of  the  quantity  of  steam  present  at  different  points 
of  the  stroke  he  had  recently  verified  by  repetition,  and  the 
results  thereby  arrived  at  were  illustrated  in  the  indicator  diagram, 
Plate  7.  The  3*39  lbs.  weight  of  steam  per  revolution,  mentioned 
in  page  47,  was  calculated  at  the  point  A  just  after  cut-off,  and 
included  the  clearance  volume ;  this  was  the  point  which  had  been 
chosen  in  the  original  report  (1890  page  235)  for  making  the 
calculation  of  the  steam  present  in  the  cylinder.  At  B,  just  before 
release  at  the  end  of  the  stroke,  the  weight  of  steam  present  was 
4  •  33  lbs.,  being  an  increase  of  0*94  lb.  The  heat  contained  in  the 
steam  and  in  the  water  present  in  the  cylinder  at  A  amounted  to 
4,580  thermal  units  per  revolution,  while  at  B  it  had  risen  to  5,322, 
showing  a  gain  of  742.  Where  this  gain  came  from  was  the  puzzle. 
It  did  not  seem  possible  that  it  could  have  come  from  the  jacket, 
because  ostensibly  the  jacket  was  not  in  use  on  the  high-pressure 
cylinder ;  even  if  it  had  been,  it  hardly  seemed  conceivable  that  so 
large  a  quantity  of  heat  per  revolution  could  have  passed  from  the 
jacket  into  the  cylinder.  The  indicator  diagram  showed  that  at  the 
point  A  the  pressure  of  steam  in  the  cylinder  was  115*4  lbs.  per 
square  inch  above  the  atmosphere.  On  carefully  examining  the 
diagrams  it  looked  very  much  as  if  the  valve  had  not  really  cut  off 
the  steam  at  the  point  A,  notwithstanding  that  according  to  the  setting 
of  the  valve  gear  the  cut-off  had  already  taken  place.  This 
conclusion  that  the  cut-off  had  not  really  taken  place  at  the  point  A 
was  confii-med  by  calculating  the  quantity  of  steam  present  at  a 
point  C,  a  little  further  down  the  expansion  curve,  where  it  was 
certain   the   cut-off  must  have  taken  place.     Here  the  quantity  of 


74  MAKINE-EKGrNE    TEIALS.  Feb.  1894. 

(Professor  Beare.)j 

steam  present  was  found  to  be  witliin  8  per  cent,  of  the  4*33  lbs. 
present  at  B  just  before  release;  and  therefore  the  great  bulk  of 
the  increase  of  0*94  lb.  or  over  27  per  cent,  between  A  and  B 
seemed  to  have  nothing  whatever  to  do  with  the  question  of  priming 
or  re-evaporation,  but  to  be  due  simply  to  the  steam  continuing  to 
pass  into  the  cylinder  after  the  nominal  cut-off,  through  the  valve 
closing  badly  and  slowly.  Considering  now  the  bearing  of  this  view 
upon  the  question  of  j)riming,  the  weight  of  steam  present  at  A  in  the 
cylinder  proper,  after  deducting  the  steam  of  the  clearance  space, 
was  2  •  32  lbs.  per  revolution  ;  and  adding  the  increase  of  0  •  94  lb. 
between  A  and  B,  this  gave  3  •  26  lbs.  as  the  weight  of  steam  actually 
present  in  the  cylinder  per  revolution  at  the  point  B  just  before 
release,  after  deducting  that  filling  the  clearance  volume.  The 
total  feed  being  5 '13  lbs.  per  revolution,  3*26  lbs.  amounted  to  64 
per  cent,  of  it :  so  that  there  was  left  for  priming  and  for  initial 
condensation  in  the  cylinder  36  per  cent,  of  the  total  feed.  In 
Table  32  it  would  be  seen  that  in  the  "  lona,"  where  there  was  some 
priming  certainly,  but  only  to  a  slight  extent,  the  percentage  of 
total  feed  present  as  steam  in  the  high-pressure  cylinder  was  almost 
identically  the  same  as  this,  not  only  just  before  release  but  also  just 
after  cut-off.  Hence  he  had  found  himself  brought  back  again  face 
to  face  with  the  original  perplexity  in  regard  to  priming  in  the 
"  Tartar."  That  priming  must  have  been  taking  place  seemed 
certain  from  the  heat  account  of  the  boiler  ;  but  initial  condensation 
and  priming  together  amounted  to  only  36  per  cent,  of  the  total  feed, 
taking  account  of  the  extra  steam  which  must  have  passed  into  the 
cylinder  after  the  nominal  point  of  cut-off  had  been  reached ; 
therefore  apparently  the  initial  condensation  must  have  been  normal 
in  amount. 

Mr.  W.  H.  White,  C.B.,  Member  of  Council,  thought  that 
perhaps  some  acknowledgment  of  the  value  of  this  paper,  and  of  the 
work  of  the  Research  Committee  on  whose  labours  it  was  based, 
might  come  better  from  one  who  like  himself  was  engaged  in 
designing  steamships,  than  from  those  who  were  engaged  in  the 
design  and  manufactm-e  of  their  propelling  apparatus.     It  appeared 
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to  liim  that  the  work  which  had  been  done  by  the  author  was  of  the 
greatest  value  to  the  Institution  and  to  all  connected  with  the  use  of 
steam.  The  preparation  of  the  paper  had  of  course  involved 
dealing  with  a  great  mass  of  facts,  and  of  figures  representing 
supposed  facts  ;  and  therefore  the  wonder  seemed  to  him  to  be,  not 
that  there  were  some  difficulties  of  agreement  and  interpretation,  but 
that  under  the  circumstances  there  were  not  a  great  many  more. 
The  high  value  of  the  work  done  by  the  Eesearch  Committee  on 
marine-engine  trials,  which  had  been  so  well  digested  and  analysed 
by  Professor  Beare,  appeared  to  him  to  lie,  not  so  much  in  the 
detailed  statements  of  the  performances  of  the  several  kinds  of 
engines  which  had  been  tested  during  their  working,  as  in  the 
arrangement  of  the  methods  followed,  and  the  description  of  the 
observations  made,  in  conducting  the  trials ;  these  methods  would  no 
doubt  admit  of  extensive  aj)plication  and  amplification  in  the  future. 
The  Institution  he  was  sure  would  recognise  that  there  was  one 
gentleman  in  particular  to  whom  both  the  organisation  of  this  research 
and  its  practical  conduct  were  owing,  and  that  was  their  new  President 
who  had  just  taken  the  chair.  Remembering  what  was  the  condition 
of  the  engine-room  and  stoke-hold  under  some  circumstances  at  sea,  it 
might  well  be  imagined  that  neither  Professor  Kennedy  nor  those 
who  had  assisted  him  in  the  trials  had  always  enjoyed  themselves 
afloat ;  and  it  seemed  possible  therefore  that  some  of  the  difficulties 
which  Professor  Beare  had  encountered  in  dealing  with  the  figures 
recorded  in  the  log  sheets  might  be  accounted  for  by  temporary 
absence  or  incapacity  on  the  part  of  the  observers.  But 
notwithstanding  any  such  possibility,  he  nevertheless  considered  that 
in  this  extended  series  of  trials,  which  in  the  present  paper  had  been 
digested  and  analysed  in  so  admirable  a  manner,  the  Institution  had 
through  the  Research  Committee  rendered  a  great  service  to  the 
engineering  world.  It  was  not  supposed  of  course  that  observations 
made  under  such  conditions  as  these  and  over  comparatively  short 
periods  could  be  regarded  as  substitutes  for  actual  experience  gained 
in  long-distance  steaming  at  sea.  Because  such  observations  did  not 
represent  all  the  conditions  of  actual  service,  they  were  sometimes 
treated  as  of  little  value ;  but  considering  the  infinite  variations  in 
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the  conditions  which  might  occur  in  actual  service,  and  the  inherent 
difficulties  of  these  questions,  all  engineers  must  agree  that  it  was  of 
the  greatest  service  to  have  some  trials  made  under  fairly  definite 
conditions,  eliminating  circumstances  which  no  doubt  affected 
practical  results,  but  which  were  not  necessarily  present,  and  which 
had  little  or  nothing  to  do  with  the  designing  of  the  machinery  and 
boilers  in  steamships.  Exactly  the  same  criticism  had  been  made 
with  regard  to  steamship  speed-trials :  the  measured-mile  trials  had 
been  pronounced  perfectly  useless,  because  they  did  not  represent  sea 
performance.  Nobody  supposed  that  they  did  ;  but  for  purposes  of 
design,  everyone  who  was  concerned  with  steamship  construction 
would  know  that  the  measured-mile  trials  were  absolutely  necessary, 
both  for  determining  the  approximate  power  required  for  the  speed 
in  a  new  ship,  and  also  for  ascertaining  the  relative  efficiencies  of 
different  forms  of  propellers.  Hence  it  appeared  to  him  that  out  of 
the  facts  dealt  with  in  the  present  paper  must  come  beneficial  results 
in  future  practice,  especially  if  these  trials  were  made  models  for 
many  others.  The  recommendation  made  at  the  end  of  the  paper, 
that  steamship  owners  should  have  the  courage  to  look  facts  in  the 
face  and  to  make  such  trials  in  their  own  vessels  and  for  their  own 
information,  was  one  that  he  had  no  doubt  would  be  adopted  and 
acted  upon.  The  Institution  he  considered  was  much  indebted  to 
the  shipowners  who  had  placed  their  steamers  at  the  disposal  of  the 
Research  Committee  for  these  trials  ;  and  in  considering  the  results 
obtained  he  was  sure  it  would  be  the  feeling  of  all  the  members 
that  they  must  distinguish  between  scientific  analysis  of  the 
performances,  and  any  tendency  to  criticise  the  results  as  representing 
the  work  of  particular  firms  or  the  capabilities  of  particular  engines. 
These  trials  were  suggestive  examples,  which  would  not  have  been 
obtained  at  all,  had  it  not  been  for  the  courtesy  and  courage  of  the 
owners  of  these  steamers,  and  of  those  concerned  in  the  construction 
of  their  machinery,  in  placing  them  at  the  disposal  of  the 
Institution. 

In  looking  through  the  paper,  what  struck  him  most  as  a  naval 
architect  was  that  there  was  no  jmrticular  kind  of  engine  or  of  boiler 
which  could  be  regarded  as  absolutely  the  best.     There  were  some 


Feb.  1894.  MARINE-ENGINE   TRIALS.  77 

striking  examples  whicli  showed  how  for  special  services  the 
necessary  and  governing  condition  was  success  in  the  total  effort 
made.  The  ships  had  to  be  considered  as  built  for  different  services, 
running  over  different  distances,  some  of  them  working  with  a 
limited  draft  of  water,  and  others  intended  for  over-sea  voyages  at 
moderate  speeds,  where  economy  of  coal  consumption  was  of  the 
utmost  importance.  This  consideration  of  course  explained  the 
circimistance  that  from  Table  18  (page  38)  it  would  be  found  that  the 
area  of  total  heating  surface  in  the  boilers  ranged  from  as  low  as 
2^  square  feet  per  indicated  horse-power  up  to  more  than  double  that 
amount;  while  again  from  Table  34  (page  68)  it  would  be  found 
that  the  weight  of  the  machinery — which  he  understood  to  include 
both  the  engines  and  the  boilers,  all  in  working  order — ranged  from 
as  much  as  700  lbs.  per  indicated  horse-power  down  to  only  272  lbs. 
Whilst  for  marine  engineers  the  economy  of  steam  and  fuel  naturally 
attracted  most  attention,  yet  from  the  naval  architect's  and  ship- 
builder's point  of  view  the  question  of  the  weight  of  the  propelling 
apparatus  in  proportion  to  the  power  was  the  most  important,  and 
could  not  be  overlooked.  Then  again  from  the  engine  designer's 
side  it  was  important  to  remark  in  Table  18  that  one  of  the  two- 
cylinder  compound  engines  required  2  •  90  lbs.  of  coal  per  indicated 
horse-power  per  hour,  while  one  of  the  triple-expansion  engines  took 
exactly  half  that  amount ;  and  on  the  other  hand  from  Table  34  it 
was  seen  that  the  weight  of  machinery  per  indicated  horse-power  was 
only  448  lbs.  in  the  former  case,  but  as  much  as  700  lbs.  in  the  latter. 
It  was  well  known  that  claims  Avere  made  for  remarkable  economy  in 
coal  consumption  in  the  mercantile  marine,  as  compared  for  example 
with  war-ships ;  and  there  could  be  no  doubt  that  there  was  some 
considerable  ground  for  such  claims.  It  was  needless  to  enter  into 
an  exjilanation  of  why  it  was  so ;  it  was  necessarily  so.  But  on  the 
other  hand,  in  view  of  such  differences  as  the  above — namely  between 
1 '  46  lb.  per  indicated  horse-power  per  hour  in  the  triple-exjiansion 
engine  and  2  •  90  lbs.  in  the  two-cylinder  compound — it  was  obvious 
that  there  was  a  good  deal  more  to  be  taken  into  account  than 
merely  the  greater  exj)ansion  in  the  triple  engine.  Formerly  he  had 
himself  been  inclined  to  be  somewhat  incredulous  as  to  the  claims 
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for  remarkable  economy  in  merchant  ships ;  but  the  trials  made  by 
the  Eesearch  Committee  had  established  the  fact  beyond  doubt  that 
the  great  economy  alleged  was  really  attained  in  some  vessels  in 
actual  service.  In  the  Eoyal  Navy  trials  had  recently  been  made 
which  were  in  their  way  quite  as  remarkable.  The  "  Thunderer  " 
with  triple-expansion  engines  ran  out  to  Madeira  and  home  again, 
developing  all  the  way  about  80  per  cent,  of  the  power  she  had 
attained  in  the  contractor's  trial ;  and  her  consumption  of  coal  out 
and  home  was  only  about  If  lb.  per  indicated  horse-power  per  hour. 
That  was  of  course  a  fine  result,  which  did  great  credit  to  the  makers 
of  the  machinery.  The  "  Eoyal  Sovereign  "  also  with  triple-expansion 
engines  ran  from  Plymouth  to  Gibraltar  at  a  mean  speed  of  15  knots, 
with  a  consumption  of  1*84  lb.  of  coal  per  indicated  horse-power 
per  hour.  On  the  other  hand  in  war-ships  working  at  reduced 
powers,  as  they  had  to  do  when  cruising,  the  rate  of  coal  consumption 
increased  largely,  because  here  the  conditions  of  working  were  not 
fixed  and  steady  as  they  were  in  merchant  ships. 

These  were  only  a  few  of  the  many  points  which  had  naturally 
occurred  to  him  in  looking  through  the  paper.  They  might  serve  to 
illustrate  the  interest,  which  as  in  some  respect  an  outsider  he  felt  in 
the  subject,  and  to  show  his  personal  sense  of  obligation  to  the 
active  members  of  the  Eesearch  Committee  and  to  the  author  of  the 
paper. 

Mr.  Frederick  Edwards  mentioned  that  in  a  discussion  last  year 
at  the  Institution  of  Naval  Architects  (1893,  vol.  xxxiv,  page  229)  he 
had  drawn  attention  to  the  circumstance  that  in  the  mean  indicator 
diagrams  from  the  "  lona "  the  steam  line  in  the  intermediate 
cylinder  overlapped  the  exhaust  line  in  the  high-pressure  cylinder  ; 
and  he  had  interpreted  this  overlapping  as  showing  that  these  mean 
diagrams  were  not  really  "  a  true  set,"  meaning  thereby  that  they 
had  not  been  taken  all  three  at  exactly  the  same  moment. 
Subsequently  he  had  learnt  that  his  meaning  had  been  misunderstood 
to  imply  that  these  diagrams  were  not  reliable.  On  the  contrary,  as 
he  had  mentioned  at  the  time,  he  had  referred  to  them  because  he 
believed    the    results    obtained    from   the    "  lona "  were   the   most 
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economical  and  reliable  whicli  had  been  published.  Since  then 
however  in  regard  to  this  overlapping  he  had  been  in  communication 
with  Mr.  Mudd,  who  was  prepared  to  offer  an  explanation  which  he 
thought  might  be  of  interest  to  the  members.  The  "  lona  "  diagrams 
were  so  reliable  and  so  well  known  that  he  had  intentionally  selected 
them  for  reference,  as  he  thought  they  were  more  interesting  than 
any  others  he  could  choose. 

Mr.  Thomas  Mudd  explained  that,  in  the  ordinary  way  of  showing 
the  indicator  diagrams  from  two-cylinder  compound  or  triple- 
expansion  engines,  by  making  the  same  vertical  line  serve  for  the 
commencement  of  the  stroke  in  each  cylinder,  as  in  Plate  7,  the 
overlapping  of  the  diagrams  from  the  successive  cylinders  did  not 
involve  any  suspicion  of  incongruity.  But  when  the  diagrams  were 
placed  in  their  true  seq[uence  in  point  of  time,  and  it  was  found  that 
they  overlapped,  the  impression  at  j&rst  derived  from  the  overlapping 
was  that  the  diagrams  could  not  have  been  taken  simultaneously, 
or,  as  Mr.  Edwards  had  expressed  it,  that  they  were  not  a  true  set. 
There  were  one  or  two  facts  however  which  appeared  to  him  to 
offer  evidence  that  the  contrary  was  the  case :  that  is  to  say,  that  the 
overlapping  of  the  diagrams  did  not  necessarily  prove  that  they 
were  not  a  true  set.  The  first  fact  was  that  the  diagrams  taken 
from  other  engines  than  the  "  Zona's,"  when  placed  in  their  proper 
sequence,  did  frequently  overlap,  even  when  the  greatest  care  had 
been  taken  to  ensure  their  being  a  truly  simultaneous  set.  Having 
been  present  himself  unofficially  in  the  trial  of  the  "  lona,"  he  knew 
the  greatest  care  had  been  taken  in  this  case  that  each  set  of  the 
indicator  diagrams  should  be  simultaneous  from  the  three  cylinders ; 
and  the  indicator  springs,  as  mentioned  in  the  report  of  the  trial 
(Proceedings  1891  page  211),  had  all  been  carefully  tested  before 
the  trial. 

The  second  fact  to  which  he  would  call  attention  was  illustrated 
by  Plate  13,  where  the  indicator  diagrams  from  the  high-pressure 
and  intermediate  cylinders  of  the  "  lona "  were  placed  in  tlicir 
true  sequence  of  time  in  a  straight  diagram,  and  the  horizontal 
length  was  divided  into  equal  intervals  of  time  or  equal  arcs  in  the 
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revolution  of  the  crank,  instead  of  into  equal  parts  of  the  piston- 
stroke.  Here  it  was  seen  how,  as  he  had  endeavoured  to  show  some 
years  ago  in  the  discussion  upon  Mr.  Wyllie's  paper  by  means  of  the 
indicator  diagrams  from  the  "  Abeona "  (Proceedings  1886  pages 
611-17,  and  1887  pages  47-51),  the  exhaust  line  of  the  high- 
pressure  diagram  came  down  so  low  that  it  ran  into  the  steam  line  of 
the  intermediate  diagram,  and  then  quickly  rose  till  it  got  clear 
again  above  the  intermediate  diagram.  The  point  so  naturally 
raised  by  Mr.  Edwards  was,  whether  this  overlapping  did  not  denote 
some  error  in  the  diagrams ;  or  if  it  did  not,  how  was  it  to  be 
satisfactorily  accounted  for.  Taking  the  diagrams  to  be  correct,  they 
plainly  showed  that  at  the  place  of  overlapping  the  receiver  pressure 
was  really  higher  than  the  exhaust  pressure  in  the  high-pressure 
cylinder,  and  that  just  at  this  time  there  was  a  sort  of  back  rush  of 
steam  from  the  receiver  into  the  high-pressure  cylinder,  clearly 
indicated  at  AA  in  Plate  13,  by  the  hump  in  the  exhaust  line  or  the 
local  rise  of  pressure  in  the  steam  out  of  its  natural  curve,  soon  after 
release.  The  diagrams  seemed  to  him  to  carry  on  their  face 
sufficient  evidence  of  their  truth  in  this  respect ;  for  it  was  clear 
that  the  pressure  in  the  high -pressure  cylinder  rushed  down 
immediately  on  release  to  a  pressure  below  that  of  the  receiver,  and 
then  attempted  to  get  back  again  to  the  receiver  pressure.  Of  these 
apparent  facts  he  had  only  one  explanation  to  offer,  to  which  the 
Members  would  give  the  amount  of  consideration  it  might  seem  to 
them  to  deserve.  Although,  as  remarked  in  the  paper  (page  55), 
only  the  high-pressure  cylinder  was  steam-jacketed  in  the  "  lona," 
the  fact  must  not  be  overlooked  that  the  high-pressure  steam-chest 
stood  wholly  in  the  intermediate  receiver,  and  therefore  to  the 
receiver  at  all  events  it  formed  a  good  steam-jacket,  although 
situated  inside  the  receiver  instead  of  outside.  The  steam 
exhausting  from  the  high-pressure  cylinder  into  the  intermediate 
cylinder  rushed  all  round  the  high-pressure  steam-chest  on 
its  way,  and  must  thereby  abstract  some  heat  from  the  boiler 
steam  in  the  high-pressure  steam-chest,  which  thus  acted  as  a 
re-heater  to  the  steam  in  the  receiver.  Perhaps  this  fact  might 
explain  also  something  else  that  had  been  difficult  to  understand 
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titherto :  namely  tlio  cause  of  what  had  been  regarded  as  the  high 
initial  condensation  in  the  high-pressure  cylinder  of  the  "  lona," 
which  was  represented  by  something  like  36  per  cent,  of  the  total 
feed  present  as  water  in  the  high-pressure  cylinder  at  the  point  of 
cut-off,  although  there  was  practically  no  priming  that  could  be 
detected.  There  was  however  this  fact  to  be  borne  in  mind :  that, 
although  the  steam  going  from  the  boiler  into  the  high-pressure 
steam-chest  showed  no  presence  of  intermixed  water,  it  was  going 
into  a  steam-chest  which  was  enclosed  within  the  intermediate 
receiver,  and  which  was  therefore  losing  heat  all  round,  with 
consequent  formation  of  moisture  in  the  steam  contained  in 
the  steam-chest.  A  large  proportion  of  the  water  found  in  the 
high-pressure  cylinder  at  the  point  of  cut-off  he  therefore 
thought  could  not  be  truly  regarded  as  due  to  initial  condensation  in 
the  cylinder,  that  is,  as  water  resulting  from  condensation  of  what 
had  been  dry  steam  at  the  moment  it  entered  the  cylinder ;  but  it 
was  like  priming  water,  or  moisture  contained  in  the  steam  before  it 
entered  the  cylinder,  and  was  caused  by  the  high-pressure  steam-chest 
giving  up  heat  to  the  intermediate  receiver,  and  producing  the  very 
effect  of  overlapping  which  was  seen  in  the  indicator  diagrams. 
These  facts  therefore  seemed  to  account  for  the  wetness  of  the 
steam  in  the  high-pressure  cylinder  and  its  dryness  in  the 
intermediate,  in  spite  of  the  circumstance  that  nominally  the 
high-pressure  cylinder  was  jacketed  and  the  intermediate  not 
jacketed. 

In  the  heat  balance-sheet  given  in  Table  18,  page  39,  there  seemed 
to  him  to  be  needed  some  slight  modification  in  the  division  of  the 
loss,  so  far  as  regarded  the  temperature  of  the  funnel  gases  in  the 
"lona."  For  practical  reasons  the  temperature  had  in  that  case 
been  taken  rather  high  up  the  funnel,  at  a  point  30  feet  above  the 
fire-grate,  as  mentioned  in  page  50  ;  and  the  loss  of  heat  given  in 
the  balance-sheet  was  the  heat  carried  away  from  the  boilers  by  the 
funnel  gases  on  the  assumption  that  the  gases  were  escaping  at  the 
temperature  measured  at  that  high  point.  Obviously  however  the 
loss  began  much  lower  down ;  as  soon  as  ever  the  gases  escaped  from 
the  boiler  tubes  into  the  smoke-box  they  were  done  with  for  all 
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practical  purposes  in  the  boiler.  In  tlie  Chief  Engineer's  subsequent 
trial  (Proceedings  1891,  pages  217  and  222)  the  temperature  had 
been  taken  in  the  smoke-box  in  front  of  the  tubes,  with  the  result 
that  it  had  been  found  to  be  some  220°  higher  than  in  the  Eesearch 
Committee's  trial.  Consequently  the  thermal  loss  in  the  funnel 
gases,  instead  of  being  only  16*2  per  cent,  as  given  in  Table  18, 
would  be  something  like  24  per  cent. ;  and  instead  of  there  being 
13  per  cent,  loss  unaccounted  for — which  the  author  had  assumed 
(page  51)  to  be  due  in  the  main  to  radiation,  owing  to  the  large 
size  of  the  boilers  in  the  "  lona  "  (page  52) — the  loss  unaccounted 
for  wanted  considerably  reducing,  to  correspond  with  the  considerable 
increase  in  the  heat  actually  escaj)ing  up  the  funnel. 

Capt.  H.  EiALL  Sanket  noticed  that  in  pages  63-4  of  the  paper 
there  were  some  interesting  calculations  with  regard  to  the  percentage 
of  steam  present  in  the  several  cylinders  at  different  points  of  the 
stroke  ;  and  some  further  information  on  this  subject  had  also  been 
given  by  the .  author  (pages  72-4).  This  and  other  matters  could 
be  conveniently  exhibited  in  a  graphic  form  by  transferring  the 
ordinary  indicator  diagram,  that  is  the  pv  or  pressure-volume 
diagram,  on  to  the  well  known  theta-phi  or  temperature-entropy 
chart  *  worked  out  by  Mr.  Macfarlane  Gray  ;  and  he  wished  to  show 
how  this  could  be  done  by  a  method  which  he  had  himself  employed 
for  some  time  past,  but  which  he  had  only  lately  succeeded  in 
perfecting.  In  this  way  he  hoped  also  it  might  be  possible  to  throw 
some  light  upon  the  dif&culty  dwelt  upon  by  Professor  Beare,  as 
regarded  the  excessive  amount  of  water  present  in  the  high-pressure 
cylinder  of  the  "  Tartar." 

*  To  avoid  confusion,  it  is  proposed  to  reserve  the  term  9  (p  diagram  for  the 
diagram  transferred  from  the  indicator  diagram :  thus  the  high-pressure  6  <p 
diagram,  the  intermediate  6  ^  diagram,  and  the  low-pressure  6  cp  diagram  will 
be  appropriate  terms  corresponding  with  the  respective  indicator  diagrams. 
What  has  hitherto  been  generally  known  as  the  9  </>  diagram  it  is  proposed  to 
call  the  9  (p  chart,  Mr.  Macfarlane  Gray  having  originally  described  it  as  a 
heat  chart  (Proceedings  1889,  pages  412-413). 
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The  method  *  he  now  referred  to  required  that  a  series  of  curves 
representing  constant  volumes  should  first  be  drawn  upon  the  0  </> 
chart,  representing  successive  volumes  in  cubic  feet,  as  shown  in 
Fig.  17,  Plate  14  ;  and  also  lines  of  constant  pressure,  which  for 
steam  not  superheated  were  horizontal  straight  lines,  because  they 
coincided  of  course  with  the  corresponding  horizontal  temperature 
lines  drawn  from  the  equally  divided  vertical  scale  of  temperature. 
In  Plate  14  the  numbers  placed  along  the  steam  saturation  curve  SS 
showed  the  cubic  feet  occupied  by  one  pound  weight  of  saturated 
steam  at  various  pressures  and  corresponding  temperatures :  for 
instance,  at  approximately  150  lbs.  absolute  pressure  per  square  inch 
the  volume  of  one  pound  of  steam  was  3  cubic  feet ;  and  following 
this  particular  curve  of  constant  volume  to  the  point  C,  it  would 
be  seen  that,  when  only  one-half  of  the  pound  of  H20f  had  been 
evaporated,  the  other  half  still  remaining  water,  the  pressure  was 
about  70  lbs.  Similarly  the  volume,  pressure,  and  temperature  of 
that  portion  of  the  pound  of  H^O  which  was  steam  could  be  read 
off  from  the  6  0  chart  for  any  point  whatever  within  the  limits  of 
the  chart.  The  construction  of  the  6  cfi  chart,  it  would  also  be 
remembered,  was  such  that  the  distance  measured  horizontally  from 
any  point  P  in  Plate  14  to  the  saturation  curve  SS  represented  the 
proportion  by  weight  still  remaining  water  in  the  pound  of  H2O ; 
and  the  horizontal  distance  from  the  same  point  P  to  the  water 
curve  W  W  represented  the  proportion  present  as  steam.  In  other 
words  the  ratio  of  the  length  W  P  to  the  total  length  W  S  across 
the  chart  was  the  dryness  fraction  of  the  steam  at  the  point  P. 

The  first  step  towards  transferring  the  indicator  diagram  to  the 
0  <f>  chart  was  to  obtain,  by  the  ordinary  method  of  calculation,  the 
dryness  fraction  at  some  point  p  in  the  expansion  of  the  steam. 
Fig.  18,  Plate  15.  The  point  p  should  be  chosen  sufficiently  beyond 
the  cut-off  to  ensure  that  the  valve  was  completely  closed,  so  that  no 


*  In  compliance  with  Mr.  Cowper's  subsequent  request  (page  109),  the 
description  of  the  mode  of  transferring  the  indicator  diagram  on  to  the  0  (p  chart 
has  hero  been  amplified. 

t  It  is  proposed  to  use  the  chemical  symbol  HgO  to  denote  the  substance 
■when  it  is  present  partly  as  water  and  partly  as  steam. 

H    2 
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more  steam  could  enter  the  cylinder.  The  absolute  pressure  having 
been  measured  at  the  point  p  on  the  indicator  diagram,  and  the 
dryness  fraction  having  been  obtained,  the  corresponding  point  P  of 
the  6  (j>  diagram.  Fig.  19,  could  then  evidently  be  plotted  on  the 
chart.  The  volume  at  the  j^oint  P  was  then  found  by  interpolation 
from  the  constant- volume  curves ;  in  the  present  example  it  was 
3*8  cubic  feet.  The  actual  volume  in  the  cylinder,  including  the 
clearance,  was  then  determined  from  the  dimensions  of  the  engine  for 
the  point  p,  Fig.  18,  namely  69  cubic  feet ;  and  the  ratio  of  these 
two  volumes  gave  a  volume  factor  of  18*  16,  by  which  to  divide  the 
actual  cylinder-volumes  on  the  indicator  diagram  in  order  to  obtain 
the  volumes  on  the  6  4>  diagram.  In  other  words  the  weight  of  H2O 
in  the  cylinder  and  clearance  of  the  actual  engine  was  18 'IB  lbs., 
instead  of  only  1  lb.  as  taken  on  the  0  cf)  diagram. 

The  next  step  was  to  measure  the  volume  and  absolute  pressure 
for  a  number  of  points  on  the  indicator  diagram  ;  the  volumes  were 
then  divided  by  the  volume  factor,  and  the  points  could  then  be 
transferred  to  the  0  c/)  chart ;  on  joining  them  the  0  <f>  diagram 
corresponding  with  the  indicator  diagram  was  obtained.  As  above 
mentioned,  the  starting  point  p  should  be  chosen  after  cut-off ;  but 
in  some  cases  the  indicator  diagram  did  not  show  the  point  of  cut-off 
clearly,  and  the  point  selected  might  then  happen  to  be  before 
cut-off  had  taken  place.  In  such  a  case  the  error  would  become 
apparent  on  j)lotting  the  6  ^  diagram  ;  and  moreover  the  correct 
point  of  cut-off  would  be  shown,  so  that  a  fresh  start  could  be  made 
Avith  a  new  point  p.  The  area  of  the  6  4>  diagram  multiplied  by 
the  volume  factor  and  by  Joule's  equivalent  was  of  course  equal 
to  the  area  of  the  pv  or  indicator  diagram  expressed  in  foot-pounds  ; 
and  this  could  be  used  as  a  check  on  the  accuracy  of  the  work.  [See 
also  pages  132-3.] 

In  this  manner  the  mean  indicator  diagrams  of  the  "  Ville  de 
Douvi'es,"  the  "  lona,"  and  the  "  Tartar  "  had  been  transferred  to 
the  6  (f>  chart,  as  shown  in  Plates  15,  16,  and  17  ;  the  measurements 
had  been  taken  from  the  mean  indicator  diagrams  published  in  the 
Proceedings,  namely  :— "  Ville  de  Douvres  "  1892,  Plate  15  ;  "  lona  " 
1891,  Plate  47 ;  "  Tartar  "  1890,  Plate  100.      Eeferring  to  Fig.  19, 
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Plate  15,  for  tlie  "  Ville  de  Douvres,"  it  would  be  seen  that  AB  on 
the  6  4>  diagram  corresponded  with  the  admission  line  ah  on 
the  indicator  diagram,  Fig.  18 ;  BC  with  the  expansion  curve  he  ; 
CD  with  the  release  cd ;  DE  with  the  exhaust  de ;  and  finally  EA 
with  the  compression  curve  ea,  and  with  that  part  of  the  admission 
which  took  place  at  practically  constant  volume,  when  the  cran£  was 
passing  the  centre.  For  further  enabling  the  comparison  of  the 
two  kinds  of  diagrams  to  be  readily  made,  the  percentages  of  the 
stroke  had  also  been  marked  at  a  few  points  on  the  6  cf)  diagrams  ; 
thus  in  Fig.  19,  at  A  zero,  at  B  62  per  cent.,  and  at  D  100.  [See 
also  page  130.] 

As  already  explained,  the  position  of  a  point  on  the  0  <^  chart 
determined  the  proportion  of  water  and  steam  present  in  one  pound 
of  H2O ;  and  this  law  would  hold  good  for  every  point  of  the  6  <f> 
diagrams  just    described,   if    the    changes    in   the    cylinder    were 
produced  by  the  alternate  applications  of  a  hot  and  of  a  cold  body, 
as  described  by  Eankine.     But   in  an  actual  engine  these  changes 
were   brought   about    by   the   alternate   admission   and   exhaust   of 
steam  :  so  that  in  its  entirety  the   law   evidently  held   good   only 
for  the  expansion   part  of  the  stroke,  that  is,  whilst  the  cylinder 
was  closed  and  contained  one  pound  of  H2O.     For  all  other  points 
on   the    diagrams    the    chart   showed    only   the   volume    of    steam 
present  in  the  cylinder ;  and  no  conclusion  could  be  drawn  as  to  the 
quantity  of  water  present.     It  followed  that  the  position  of  the  point 
of  cut-off  B  on  the  6  (f)  chart,  Plate  15,  enabled  the  proportion  of 
water  in  the  cylinder  at  that  point  in  the  stroke  to  be  determined. 
If  there  were  no  priming,  leakage,  conduction,  or  radiation,  the  whole 
of  this  water  would  be  due  solely  to  initial  condensation  ;  that  is  to 
say,  it  must  originally  have  entered  the  cylinder  as  steam,  which  had 
afterwards  been  condensed  in  the  cylinder ;  and  all  the  heat  in  the 
steam  from  which  it  had  been  condensed  would  of  necessity  be  stored 
in  the  cylinder  walls  &c.  and  in  the  water  present  in  the  cylinder. 
If  during  expansion  the  whole  of  this  heat  could  be  recovered,  the 
expansion  line  of  the  6  <f>  diagram  would  follow  the  dotted  line  BR, 
which  was  found  by  the  method  explained  in  Mr.  Willans'  paper  on 
steam-engine  trials,  read    before  the  Institution  of  Civil  Engineers 
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in  April  1893  (Proceedings  vol.  cxiv,  page  36).  On  the  other  hand, 
if  the  whole  of  the  water  shown  to  be  present  in  the  cylinder  at 
cut-off  had  come  into  it  originally  as  water  at  the  temperature 
of  the  point  B,  namely  325^ — that  is,  had  not  been  produced  by 
condensation  during  admission,  and  therefore  had  not  parted  with  heat 
to  the  cylinder  walls  &c. — the  heat-recovery  possible  during  expansion 
would  evidently  be  far  less,  and  would  be  shown  by  the  dotted 
line  Br.  The  point  r  could  be  obtained  as  follows.  The  vertical 
strip  of  the  breadth  mn,  extending  down  to  absolute  zero  and 
including  the  triangle  mWn,  represented  the  heat  given  to  one 
pound  of  water  in  raising  it  from  the  exhaust  temperature  near  D  to 
the  cut-off  temperature  at  B.  If  mn  were  divided  at  x  in  the  ratio 
BS  to  BW,  the  vertical  strip  of  the  breadth  a:«,  together  with  the 
triangle  a;W»,  would  pretty  closely  represent  the  heat  which,  during 
the  same  rise  of  temperature,  would  be  given  to  the  priming  water 
present  at  cut-off.  Hence  a  similar  vertical  strip,  ia  which  the 
breadth  Ir  was  equal  to  xn,  would  represent  the  heat  given  out  to  the 
steam  by  the  priming  water  in  cooling  from  the  cut-off  temperature 
to  the  release  temperature.  The  two  dotted  lines  BE  and  Br 
might  be  called  the  lines  of  condensation-water  heat-recovery  and  of 
priming-water  heat-recovery  respectively.  Evidently  therefore  the 
expansion  curve  of  an  actual  engine  ought  to  lie  somewhere  between 
these  two  extreme  lines,  provided  that  during  expansion  no  heat  was 
either  introduced  into  the  cylinder  or  taken  out  of  it ;  and  thus  the 
position  of  the  actual  expansion  curve  in  relation  to  these  two 
extreme  limits  would  give  valuable  information  as  to  what  was  going 
on  in  the  cylinder  during  expansion.  It  was  possible  to  show  the 
0  (f)  diagram  which  an  ideal  engine  would  produce,  if  working 
perfectly  within  the  limits  of  the  conditions  imposed  upon  the  actual 
engine ;  and  the  same  might  be  done  for  each  cylinder  separately : 
this  was  a  question  he  was  still  investigating.  In  this  connection  it 
"was  necessary  to  guard  against  a  possible  misunderstanding  which 
might  arise.  When  showing  the  thermal  losses  of  an  actual  engine 
in  comparison  with  a  theoretical  engine  working  within  the  same 
range  of  temperature,  Mr.  Willans  had  preferred  not  to  show  the 
clearance  steam ;  and  in  that  case  the  area  of  the  6  ^  diagrams  gave 
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the  thermal  efficiency  of  the  actual  engine  by  direct  comparison 
with  the  heat  units  utilised  by  the  theoretical  engine.  In  the  present 
enquiry  however  the  clearance  steam  was  shown ;  and  consequently 
the  areas  of  the  6  4>  diagrams  did  not  directly  give  the  thermal 
efficiency,  but  had  first  to  be  multiplied  by  the  ratio  of  the  volume 
of  the  total  steam  at  cut-off  to  that  of  the  working  steam.  This  was  a 
disadvantage  which  arose  from  showing  the  clearance  steam ;  but  on 
the  whole  he  was  at  present  of  opinion  that  it  was  better  to  include 
it,  at  any  rate  for  the  purposes  now  under  consideration. 

In  the  high-pressure  6  ^  diagram  for  the  "  Ville  de  Douvres," 
Fig.  19,  Plate  15,  it  would  be  observed  that  the  expansion  curve 
BC,  falling  away  as  it  did  to  the  left  of  the  priming-water  heat- 
recovery  line  Br,  showed  a  distinct  loss  of  heat  from  the  cylinder 
during  the  expansion.  The  loss  was  easily  accounted  for  by  the 
fact  that,  as  pointed  out  in  the  paper  (page  53),  the  high-pressure 
cylinder  was  surrounded  by  the  receiver  ;  and  therefore  heat  was 
flowing  out  from  the  hotter  steam  in  the  cylinder  into  the  cooler 
steam  in  the  receiver,  and  the  flow  would  be  much  facilitated  by  the 
cylinder  walls  beiug  no  doubt  wet  both  inside  and  out.  It  would 
also  be  noticed  that  there  was  a  considerable  loss  from  incomplete 
expansion  in  this  cylinder,  due  to  the  release  at  C  taking  place  too 
soon,  thereby  cutting  a  piece  off  the  toe  of  the  indicator  diagram, 
Fig.  18,  and  also  off  the  0  <f>  diagram.  Fig.  19 ;  but  the  amount  of 
the  loss  was  more  clearly  shown  on  the  6  (f>  diagram.  The  loss 
could  evidently  have  been  obviated  by  making  the  cut-off  in  the  low- 
pressure  cylinder  somewhat  earlier,  so  as  to  get  rather  a  higher 
pressure  in  the  receiver,  and  thereby  raise  the  back-pressure  curve 
of  the  high-pressure  cylinder.  The  loss  from  incomplete  expansion 
in  the  low-pressure  cylinder,  as  well  as  from  bad  vacuum,  was  also 
evident. 

In  the  0  (f)  diagrams  of  the  "lona,"  Plate  16,  the  difference 
between  the  expansion  curves  in  the  high-pressure  and  low- 
pressure  cylinders  was  very  marked,  and  was  no  doubt  due  to  the 
former  being  jacketed  and  the  latter  not.  In  the  high-pressure 
cylinder  the  expansion  curve  came  fairly  close  to  the  line  BR 
of    condensation-water    heat-recovery.       But    on    turning    to    the 
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intermediate  cylinder,  wliicli  was  not  jacketed,  it  was  seen  that, 
instead  of  the  expansion  curve  falling  further  away,  as  it  might 
have  been  exj)ected  to  do,  it  actually  went  slightly  beyond  the 
condensation-water  heat-recovery  line.  This  could  take  place  only 
as  the  consequence  of  heat  having  come  into  the  cylinder  in  some 
unusual  way  after  cut-off;  and  in  this  case  he  thought  it  might 
possibly  be  due  to  leakage  of  steam  through  the  valve.  It  was  true 
that,  owing  to  the  construction  of  the  engine,  the  steam  was  reheated 
in  the  receiver :  the  effect  of  which  was  clearly  shown  in  the  6  4> 
diagram  by  the  admission  line  of  the  intermediate  cylinder  being  at 
a  higher  temperature  than  the  exhaust  line  of  the  high-pressure 
cylinder,  but  more  particularly  by  the  marked  increase  in  the  dryness 
fraction  at  cut-off  in  the  intermediate  cylinder ;  this  however  in  no 
way  accounted  for  the  heat  received  after  cut-off.  The  idea  that  this 
effect  was  due  to  a  leaky  valve  received  confirmation  from  the  fact 
that  when,  instead  of  plotting  the  expansion  curve  shown  by  the  full 
line  in  Plate  16  from  the  mean  indicator  diagram  of  the  intermediate 
cylinder,  the  two  indicator  diagrams  for  the  top  and  bottom  of  the 
cylinder  were  plotted  separately,  the  form  of  the  expansion  curve  b 
for  the  bottom  was  such  as  might  be  expected  for  a  non- jacketed 
cylinder,  as  would  be  seen  by  comparing  it  with  the  expansion  curve 
for  the  non-jacketed  low-pressure  cylinder,  plotted  from  the  mean 
indicator  diagram  ;  but  the  expansion  curve  t  for  the  top  went  so  far 
beyond  the  condensation-water  heat-recovery  line  that  it  appeared  to 
him  to  denote  clearly  a  leakage  at  the  valve  admitting  steam  into  the 
top  of  the  cylinder.  The  6  4>  diagram  for  the  low-pressure  cylinder 
showed  the  advantage  derived  from  a  good  vacuum ;  if  the  vacuum 
had  been  the  same  as  in  the  "  Tartar,"  for  instance,  the  portion  of 
the  low-pressure  0  ^  diagram  below  the  line  MN  would  have  been 
lost. 

The  0  4>  diagrams  had  also  been  made  out  for  the  "  Tartar " 
in  Plate  17.  In  the  diagram  for  the  high-pressure  cylinder  he 
thought  the  points  dwelt  upon  by  Professor  Beare  were  pretty  clearly 
brought  out  in  a  graphic  form,  and  his  conclusions  confirmed.  The 
actual  re-evaporation  in  this  cylinder,  instead  of  being  so  considerable 
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as  would  apj)ear  from  the  figures  given  in  tlie  report  of  tlie  trial 
before  they  had  been  corrected  by  the  author,  was  seen  from  the  6  cf) 
diagram  to  have  been  really  small.  The  reason  for  the  difference 
was  that  given  by  Professor  Boare  (page  73),  that  the  point  assumed 
as  the  point  of  cut-off  was  too  early  in  the  stroke.  "What  might  be 
called  the  mechanical  cut-off  might  have  occurred  at  about  one-third 
of  the  stroke  ;  and  from  this  point  to  half  stroke  the  admission  line  on 
the  0  (fi  diagram  showed  considerable  wire-drawing,  due  probably 
to  the  valve  closing  too  slowly,  so  that  the  steam  was  really  cut  off 
only  at  about  half  stroke.  It  would  be  noticed  on  the  indicator 
diagram  that  the  wire-drawing  was  so  considerable  as  to  make  this 
part  of  the  admission  line  look  like  the  beginning  of  the  expansion 
curve  ;  the  6  ^  diagram  however  discriminated  between  the  two. 
That  the  valve  did  not  merely  leak  was  distinctly  shown  by  the  fact 
that  the  expansion  curve  did  not  pi'oject  much  beyond  the  priming- 
water  heat-recovery  line ;  whereas,  if  there  had  been  a  leakage  cf 
steam  going  on  continuously,  the  expansion  curve  would  have  been 
found  to  bulge  outwards  from  the  first,  much  in  the  same  way  that  it 
was  observed  to  do  in  the  0  (f>  diagram  for  the  intermediate  cylinder 
of  the  "  lona,"  Plate  16.  The  dryness  fraction  of  the  steam  at  half 
stroke,  which  appeared  to  be  about  the  true  cut-off,  was  59  •  1  per 
cent,  as  obtained  from  the  0  ^  diagram,  instead  of  45  •  2  per  cent,  as 
given  in  the  report  (1890  page  235).  This  went  a  long  way  towards 
explaining  the  great  discrepancy  between  the  feed  and  the  steam  as 
shown  by  the  indicator  ;  but  it  did  not  account  for  the  apparently 
excessive  evaporation  of  the  boilers,  which  he  thought  could  be 
explained  only  on  the  supposition  that  unevaporated  water  was  bodily 
ejected  from  the  boilers.  As  a  possible  cause  he  would  suggest  that 
the  oscillation  of  the  water  in  the  boilers  might  have  synchronised 
with  the  rolling  of  the  ship,  and  thus  have  led  to  violent  commotion 
of  the  water  in  the  boilers.  The  dryness  fraction  of  the  steam  as  it 
issued  from  the  boiler,  calculated  on  the  assumption  that  the  boiler 
efficiency  was  68  per  cent.,  came  out  as  low  as  75  per  cent.,  or  25  per 
cent,  priming ;  on  the  assumption  tliat  the  boiler  efiiciency  was  as 
high  as  75  per  cent.,  the  dryness  fraction  would   be   increased   to 
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82  per  cent.,  and  the  priming  reduced  to  18  per  cent.*  The  lower 
dryness  fraction  of  75  per  cent,  did  not  appear  unlikely,  and 
was  plotted  on  the  6  </>  chart  at  the  point  Y,  Plate  17,  so 
that  YS  represented  the  water  coming  as  water  from  the  boiler. 
The  remainder  BY  of  the  water  shoAvn  at  cut-off  was  therefore 
due  to  initial  condensation,  and  on  measurement  turned  out  to  be 
21  per  cent,  of  the  steam  WY  coming  into  the  cylinder :  quite  a 
reasonable  percentage  for  the  range  of  temperature  and  the  speed  of 
revolution.  The  true  theoretical  heat-recovery  line,  being  due 
partly  to  priming  water  and  partly  to  initial  condensation,  would 
therefore  lie  somewhere  between  the  two  extreme  heat-recovery 
lines,  as  shown  by  the  intermediate  dotted  line  BH;  and  the 
difference  between  this  line  and  the  expansion  curve  was  a  measure 
of  the  loss  due  to  conduction,  radiation,  and  leakage.  Coming 
to  the  intermediate  and  low-pressure  cylinders,  the  effect  of  their 
steam-jackets  was  immediately  seen  in  Plate  17;  their  expansion 
curves  followed  somewhat  closely  the  condensation- water  heat-recovery 
line.  It  was  noticeable  however  that  the  dryness  fraction  was  nearly 
constant  throughout  all  three  diagrams  in  Plate  17,  showing  that  no 
material  improvement  had  been  effected  in  the  quality  of  the  steam 
by  the  jacketing  of  the  intermediate  and  low-pressure  cylinders :  the 
high-pressure  cylinder  had  done  badly,  and  the  other  two  followed 
suit,  their  jackets  being  unable  to  cope  with  the  large  quantity  of 
water  coming  from  the  first  cylinder.  The  curve  FF  of  equal  dryness- 
fraction  had  been  drawn  through  the  half-stroke  cut-off  in  the  high- 
pressure  cylinder,  and  it  was  thereby  seen  that  the  quality  of  the 
steam  continued  practically  the  same,  both  at  the  40  per  cent,  cut-off 
in  the  intermediate  cylinder  and  at  the  half-stroke  cut-off  in  the 
low-pressure. 

In  regard  to  the  increased  horse-power  which,  as  shown  in  Table 
28,  would  have  been  obtained  in  the  low-pressure  cylinder,  had  its 
back-j)ressure  been  the  same  as  that  of  the  condenser,  it  was  stated 
in  page  59  that  this  increase  would  have  been  brought  about  without 

*  In  compliance  with.  Professor  Beare's  subsequent  request  (page  124)  these 
percentages  have  been  re-calculated,  and  are  found  to  be  correct  for  the  boiler 
efficiencies  assumed. 
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the  expenditure  of  any  more  steam.  This  statement  he  thought 
requii'ecl  a  little  qualification,  because  a  reduction  in  the  back- 
pressure caused  an  increase  in  the  range  of  temperature  in  the 
cylinders,  and  thereby  increased  the  initial  condensation :  so  that 
really  more  steam  would  be  required  in  order  to  obtain  the  increase 
in  horse-j)ower.  This  was  clearly  seen  from  the  6  <}>  diagram  of 
the  "  Ville  de  Douvres,"  Plate  15,  because,  had  the  back-pressure 
in  the  low-pressure  cylinder  been  the  same  as  in  the  condenser,  the 
low-pressure  diagram  would  have  been  increased  by  the  dotted 
portion  shown  in  Plate  15,  equivalent  to  132  horse-power,  as  given  in 
Table  28 ;  but  the  total  range  of  temperature  in  the  engine  would 
have  been  increased  by  10^°,  which  would  have  produced  slightly 
greater  initial  condensation,  and  would  thus  have  reduced  the  area 
of  both  the  high-pressure  and  the  low-pressure  6  4>  diagram.  These 
losses  however  would  have  been  less  than  the  gain. 

Again  in  page  69  it  was  said  that  the  great  expansion  obtained  in 
the  "  lona "  with  its  high  efficiency  was  a  proof  of  the  fact  that 
economy  resulted  from  such  practice.  The  economy  here  spoken  of 
he  thought  should  be  defined  as  economy  in  feed-water  per  indicated 
horse-power ;  for  it  did  not  necessarily  follow  that  economy  per 
brake  horse-power  would  result.  Turning  to  Table  34,  the  indicated 
horse-power  obtained  per  ton  of  the  machinery  rather  pointed  to  this 
distinction ;  for  in  the  "  lona  "  the  indicated  horse-power  obtained 
l)er  ton  was  no  more  than  3  •  2,  whereas  in  the  "  Ville  de  Douvres  " 
it  was  as  much  as  8  •  2  :  showing  that  the  greater  expansion  required 
a  much  larger  engine,  which  meant  increased  engine-friction.  [See 
also  page  130.] 

Mr.  John  Phillips  asked  how  far  Mr.LMudd's  view  (page  81) 
respecting  the  loss  of  heat  in  the  funnel  gases  would  be  modified  by 
the  position  of  the  damper  at  a  height  of  17  ft.  8  ins.  above  the  fire- 
grate in  the  "  Zona,"  and  by  the  effect  of  forced  draught  producing  a 
plenum  of  pressure  below  the  damper  and  a  vacuum  above  it. 

Mr.  MuDD  replied  that  he  had  been  dealing  with  the  point  at 
which  the  temperature  of  the  funnel  gases  had  been  taken  in  the 
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Committee's  trial,  namely  30  feet  above  the  fire-grate.  That  was 
considerably  higher  up  in  the  funnel  than  the  damper.  The  position 
of  the  damper  and  the  use  of  forced  draught  he  thought  did  not 
affect  what  he  had  tried  to  bring  out,  namely  that  the  temperature  of 
the  gases  escaping  from  the  boiler  tubes  must  have  been  much  higher 
than  it  was  at  the  point  where  it  had  been  measured  in  the  trial. 

In  Capt.  Sankey's  remarks  (page  88)  it  seemed  to  have  been 
assumed  that  the  intermediate  valve  of  the  "  lona  "  must  have  been 
leaking  steam,  because  there  was  an  accession  of  heat  that  could  not 
otherwise  be  accounted  for.  In  the  explanation  however  which  he 
had  already  offered  (pages  80-81)  he  had  endeavoured  to  make  it  clear 
that,  whilst  there  was  leakage  of  heat,  if  it  might  so  be  called,  there 
was  no  leakage  of  steam :  that  is,  at  the  time  the  steam  was  going 
into  the  intermediate  cylinder  it  was  receiving  an  accession  of  heat 
direct  from  the  boiler  through  the  walls  of  the  high-pressure  steam- 
chest. 

Mr.  Jeremiah  Head,  Past-President,  noticed  that,  while  the 
series  of  marine-engine  trials  which  had  been  made  at  the  cost  and  on 
the  initiative  of  the  Institution  had  in  the  present  interesting  and 
able  paper  been  put  into  a  condensed,  and  to  a  considerable  extent  a 
useful  and  systematic  form,  the  paper  still  consisted  of  a  record  of  a 
large  number  of  interesting  facts,  upon  which  opinions  had  been 
somewhat  charily  expressed  by  the  author,  probably  for  the  reason 
that  it  was  desired  to  elicit  the  opinions  of  the  members,  who  might 
be  more  likely  to  consider  what  these  facts  might  lead  to,  if  they  had 
not  a  set  of  opinions  placed  before  them  ready  cut  and  dried.  In 
view  of  so  many  interesting  tables  and  of  the  facts  recorded  in  them, 
a  few  ideas  and  suggestions  could  not  fail  to  occur  to  him,  although 
they  might  perhaj^s  be  of  a  rather  crude  nature,  because  it  requii'ed  a 
long  time  to  assimilate  such  a  large  mass  of  experimental  facts  and 
draw  any  conclusions  from  them.  Confining  himself  however  to  the 
last  two  trials,  namely  those  of  the  "  lona "  and  the  "  Ville  de 
Douvres,"  a  comparison  he  thought  might  advantageously  be  drawn 
between  these,  because  they  seemed  to  him  to  typify  two  leading 
classes  of  steam  vessels  in  this  country.     Thus  the  "  lona  "  was  an 
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excellent  example  of  a  cargo  vessel,  a  class  whicli  was  sometimes 
looked  down  ujjon  by  those  who  stigmatised  them  as  "  ocean 
tramps."  The  "  Ville  de  Douvres  "  was  a  type  of  vessel  of  much 
finer  lines,  which  was  intended  to  go  at  a  very  high  speed  indeed,  and 
to  carry  only  passengers  and  mails. 

In  comparing  these  two  steamers  it  would  be  seen  from  Table  16 
that  the  displacement  of  the  "  lona "  was  four  times  that  of  the 
"  Ville  de  Douvres."  If  too  the  immersed  midship  section  were 
considered,  that  is,  the  breadth  multiplied  by  the  draft,  it  would  be 
foimd  that  the  "  lona  "  had  just  three  times  the  immersed  midship 
section  of  the  "  Ville  de  Douvres,"  although  four  times  the 
displacement.  This  showed  at  once  that  the  "  lona  "  could  not  have 
had  anything  like  such  fine  lines  as  the  "  Ville  de  Douvi-es  " :  indeed 
the  speed  of  the  "  lona "  was  just  half  that  of  the  "  Ville  de 
Douvres."  The  indicated  horse-power  which  drove  the  four-fold 
tonnage  of  the  "  lona  "  through  the  water  was  in  the  ratio  of  1  to  4^ 
in  comparison  with  the  power  in  the  "  Ville  de  Douvres,"  Table  27 ; 
or  taking  the  indicated  horse-power  (Table  27)  per  ton  of 
displacement  (Table  16),  it  would  be  found  that  the  "lona "had 
only  l-7th  of  a  horse-power  per  ton,  while  the  "  Ville  de  Douvres  " 
had  2|  horse-power.  Hence  the  "  Ville  de  Douvres  "  had  18  •  7  times 
the  power  of  the  "  lona "  j)er  ton  of  displacement,  and  her  higher 
power  propelled  her  at  only  twice  the  speed.  The  relation  however 
between  the  indicated  horse-power  and  the  tons  of  displacement 
seemed  to  vary  largely;  and  it  was  a  most  interesting  relation 
indeed,  because  it  showed  the  great  cost  at  which  high  speeds  were 
attained.  Turning  for  instance  to  a  few  other  well-known  vessels 
apart  from  those  dealt  with  in  the  paper,  it  would  be  found  that  the 
"  Teutonic,"  which  went  at  21  knots  per  hour,  had  a  little  more  than 
1  I.HP.  per  ton  of  displacement  ;  the  "  Campania,"  which  went  at 
21^  knots  per  hour,  had  1-6  I.HP.  per  ton  of  displacement;  the 
Argentine  cruiser  called  the  "  Ninth  of  July,"  built  by  Armstrong, 
Mitchell  and  Co.,  which  made  22  knots  per  hour,  had  4*1  I.HP.  i)er 
ton  of  dis2)lacement ;  the  torpedo  boat  "  Ariete,"  built  by  Thornycroft, 
which  went  at  26*18  knots  per  hour,  had  14  I.HP.  per  ton  of 
displacement ;  and  the  last  effort  in  that  line,  the  "  Havoc,"  which 
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on  its  trial  went  at  26  "89  knots  per  hour,  had  17  I.HP.  per  ton  of 
displacement.  The  range  from  the  cargo  steamer  "  lona,"  which 
had  only  l-7th  of  a  horse-power  per  ton  of  displacement,  up  to  the 
"Havoc,"  which  had  17,  was  1  to  119,  which  was  indeed 
extraordinarily  wide. 

The  cargo  boats  or  ocean  tramps,  as  he  had  already  intimated,  had 
been  somewhat  looked  down  upon  as  scarcely  examples  of  the  highest 
kind  of  marine  engineering.  Nevertheless  in  the  way  of  economy 
they  had  realised  some  wonderful  performances,  of  which  in  one  or 
two  instances  he  happened  to  know  the  particulars.  The  screw- 
steamer  "  Westoe,"  built  at  Hartlepool,  which  carried  3,500  tons 
dead  weight  at  9  knots  per  hour,  used  only  0  •  64  oz.  or  two-thirds  of 
an  ounce  of  coal  per  ton  per  knot,  at  the  cost  of  l-500th  of  a  penny. 
The  "  Oscar  II.,"  a  rather  larger  cargo  boat  also  built  at  Hartlepool, 
which  carried  4,600  tons  dead  weight  on  14  tons  of  coal  per  day  of 
24  hours  at  9  knots  per  hour,  used  exactly  0*50  oz.  or  only  half 
an  ounce  per  ton  per  knot.  Another  boat  rather  larger  still,  the 
"  Aldworth,"  which  carried  5,000  tons  dead  weight  on  15  tons  of  coal 
per  day  at  8 '  9  knots  per  hour,  did  it  also  on  0  •  50  oz.  or  half  an  ounce 
per  ton  per  knot.  Therefore  it  seemed  this  was  rather  a  convenient 
figure  to  remember,  that  produce  could  be  taken  across  the  ocean  in 
such  vessels  with  a  consumption  of  only  half  an  ounce  of  coal  per  ton 
per  knot. 

Looking  next  at  the  boilers  and  fuel,  the  coal  used  by  the  "  lona  " 
seemed  from  Table  19  to  have  had  3  per  cent,  more  heating  power  in 
it  than  that  used  by  the  "  Ville  de  Douvres  "  ;  while  from  Table  18, 
in  respect  of  the  evaporation  per  lb.  of  carbon-value  of  the  coal, 
which  was  the  test  of  the  boiler  efficiency,  still  the  boilers  of  the 
"  lona  "  were  5  per  cent,  better  than  those  of  the  "  Ville  de  Douvi'es." 
From  Table  34  the  indicated  horse-power  per  cubic  foot  of  boiler 
volume  in  the  "  lona  "  as  compared  with  the  "  Ville  de  Douvres  "  was 
as  nearly  as  possible  as  1  to  2 ;  that  is,  the  boilers  of  the  "  lona " 
were  only  half  as  hard  worked,  or  in  other  words  the  "  lona  "  had 
ample  boiler-power.  The  higher  steam-pressure  in  the  "  lona  "  was 
of  course  one  of  the  things  that  gave  her  an  advantage ;  from 
Table  26  her  boiler  pressure  (absolute)  was  49  per  cent,  higher  than 
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in  the  "  Ville  de  Douvres,"  being  180  lbs.  per  square  inch  as  compared 
with  121,  thereby  enabling  a  much  greater  expansion  to  be  realised. 

From  the  heat  balance-sheet  in  Table  18  it  would  be  noticed  that, 
while  in  the  "  lona  "  69*2  per  cent,  of  the  thermal  units  went  into  the 
feed-water  as  against  only  66*1  in  the  "Ville  de  Douvres,"  on  the 
other  hand  only  16*2  per  cent,  of  the  thermal  units  went  to  waste 
in  the  funnel  gases  as  against  26*8  per  cent,  in  the  "Ville  de 
Douvres  " :  showing  that  in  the  "  Zona "  more  heat  went  into  the 
feed-water  and  less  into  the  funnel  gases.  Again  in  the  "  lona " 
only  1  •  6  per  cent,  of  the  thermal  units  was  lost  in  unburnt  carbon 
in  the  ashes,  and  double  that  amount  in  the  "  Ville  de  Douvres  "  : 
showing  that  in  the  latter  somehow  or  other  more  coal  was  let  fall 
through  the  grate,  probably  by  forcing  the  fires.  Nevertheless  the 
thermal  units  unaccounted  for  in  the  "  lona  "  were  as  much  as  13  per 
cent,  of  the  whole,  and  only  4  per  cent,  in  the  "  Ville  de  Douvres." 
Professor  Beare's  idea  he  thought  was  that  this  was  owing  to 
the  larger  proportionate  surface  of  boiler  and  the  consequent 
larger  loss  by  radiation  in  the  "  lona."  Yet,  if  this  theory  was 
correct,  the  conditions  and  the  evaporation  of  the  steam  were 
notwithstanding  altogether  better  in  the  "  Zona  "  than  in  the  "  Ville 
de  Douvres." 

There  was  one  rather  peculiar  circumstance  about  the  amount  of 
air  that  was  used  for  the  combustion  of  the  fuel.  Zt  must  have 
occurred  to  many  others  besides  himself  that  when  forced  draught 
was  used  with  marine  boilers  it  might  be  expected  that  a  great  deal 
more  air  would  be  forced  through  the  furnaces  and  wasted,  than  with 
the  natural  chimney  draught,  with  which  latter  the  air  was  allowed 
more  to  take  its  own  time,  as  it  were,  in  uniting  with  the  fuel. 
The  trials  of  the  "  Zona "  and  the  "  Ville  de  Douvres  "  were  both 
made  with  forced  draught,  and  all  the  other  four  trials  were 
with  natural  or  chimney  draught.  The  air  pressure  with  the 
forced  draught  in  the  "  Zona  "  was  0*86  inch  of  water  (page  3G), 
and  in  the  "Ville  de  Douvres"  from  0*7  to  I'O  or  say  an 
average  of  0-85  inch,  being  thus  practically  the  same  in  each 
steamer.  Zn  the  chimney  however  the  "  Zona "  had  a  draught 
of  only  a  quarter  of  an  inch  of  water  (Table  22),  while  the  "  Ville 
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de  Douvres  "  had  more  than  one  inch ;  but  the  latter  he  presumed 
was  owing  both  to  the  much  greater  heat  going  to  waste  in  the 
chimney  of  the  "  Yille  de  Douvres,"  and  also  perhaps  to  the  smaller 
tubes  causing  more  obstruction  to  the  passage  of  the  gases  through 
them.  Turning  now  to  the  weight  of  dry  air  actually  used  per  lb. 
of  fuel,  the  average  of  the  four  steamers  that  had  only  chimney 
draught  was  found  from  Table  22  to  be  21-5  lbs.  of  dry  air  ;  and 
though  it  would  be  expected  that  there  would  be  more  in  the  "  lona  " 
and  the  "  Ville  de  Douvres  "  with  their  forced  draught,  nevertheless 
the  average  of  these  two  was  only  21*2  lbs.  This  seemed  to  show  that 
there  was  not  any  greater  excess  of  air  passing  through  the  furnaces 
under  the  influence  of  the  forced  draught  than  with  the  natural  or 
chimney  draught.  Looking  also  at  the  analysis  of  the  gases  in 
Table  22,  and  taking  first  the  nitrogen — which  he  considered 
fairly  represented  the  air,  because  this  gas  alone  went  through  the 
furnace  uncombined,  and  therefore  unaltered  in  quantity,  and 
whether  the  oxygen  came  out  mixed  with  it  or  combined  with  the 
carbon  as  carbonic  acid  did  not  much  matter ;  the  nitrogen  was  there 
all  the  same,  and  therefore  the  weight  of  nitrogen  in  the  funnel 
gases  must  truly  represent  the  weight  of  air  going  through — it 
was  found  that  the  average  of  the  nitrogen  in  the  first  four  steamers 
with  their  chimney  draught  was  75  •  78  per  cent. ;  while  in  the  last 
two  with  their  forced  draught  it  was  75*29  per  cent.,  or  rather  less 
than  in  the  others.  This  confirmed  the  conclusion  arrived  at  from  the 
weight  of  dry  air.  Not  only  so,  but  in  respect  also  of  the  oxygen 
it  would  be  found  that  in  the  first  four  the  average  was  10  •  79  per 
cent.,  while  in  the  "  lona  "  and  the  "  Ville  de  Douvres  "  the  average 
was  10*22  per  cent. ;  that  is,  there  was  rather  less  oxygen  with  the 
forced  draught  than  with  the  chimney  draught,  just  as  there  was  rather 
less  nitrogen.  Therefore  it  might  be  taken  as  evident  that  there 
was  rather  less  air  altogether  with  the  forced  draught.  Looking  at 
the  carbonic  acid  in  the  funnel  gases,  the  average  of  the  four 
steamers  with  chimney  draught  was  13  •  23  per  cent.,  and  of  the  two 
with  forced  draught  14  •  48  per  cent.  This  seemed  to  him  to  be  in 
favour  of  the  forced  draught,  as  showing  that  there  had  been 
more  perfect  combustion.    Therefore   on   the  whole  the  conclusion 
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appeared  to  him  to  be  that  the  forced  draught  neither  allowed  more 
air  to  pass  through  the  furnace  nor  permitted  of  more  imperfect 
combustion  ;  but  that  really  the  combustion  was  rather  better  and 
on  rather  less  air  than  when  the  forced  draught  was  not  used. 

With  regard  to  the  total  weight  of  machinery,  to  which  attention 
had  already  been  drawn  by  Mr.  White  (page  77),  it  would  be  seen 
from  Table  34  that  the  "  lona  "  gave  3 "  2  indicated  horse-power  per 
ton  and  the  "  Ville  de  Douvres  "  8*2,  showing  that  the  "  lona's  " 
engines  were  as  much  as  2*56  times  heavier  than  those  of  the  "  Ville 
de  Douvres."  At  the  same  time  the  ratio  of  expansion  in  the  "  lona  " 
was  19*0  times,  and  in  the  "Ville  de  Douvres"  5*7  ;  that  is,  3*33 
times  as  much  in  the  former  as  in  the  latter.  Therefore  if  a  high 
degree  of  expansion  were  wanted,  it  must  be  expected  that  rather  big 
and  heavy  engines  would  be  needed.  The  feed-water  per  indicated 
horse-power  per  hour  (Table  29)  was  in  the  proportion  of  100  in  the 
"lona  "to  155  in  the  "  Ville  de  Douvres";  that  is,  it  was  55  per 
cent,  more  in  the  latter.  From  Table  29  also  the  efficiency  of  the 
engines  corresponded  very  nearly  with  what  was  arrived  at  from  the 
fuel  consumption  in  Table  18  :  it  was  as  146  to  100  in  favour  of  the 
"  lona,"  while  the  carbon-value  of  the  fuel  consumption  per  indicated 
horse-power  per  hour  was  as  100  in  the  "  lona  "  to  159  in  the  "  Ville 
de  Douvres." 

The  results  of  these  trials,  and  the  attention  which  had  been 
given  to  them,  the  time  they  had  occupied,  and  the  energy  that  had 
been  bestowed  upon  them,  would  constitute  he  hoped  a  kind  of  epoch 
in  marine  engineering.  In  this  country  so  much  depended  on  the 
efficiency  of  our  steamers  —  even  our  very  food  supplies  —  that 
anything  which  could  be  done  in  the  way  of  increasing  their  efficiency 
was  like  increasing  our  daily  bread  in  more  ways  than  one :  not  only 
in  bringing  food  cheaply  across  the  seas,  but  also  in  enabling  this 
country,  in  the  building  of  ships  and  engines,  to  keep  the  lead  which 
it  had  so  long  enjoyed,  which  it  still  held,  and  which  he  trusted  it 
would  always  continue  to  hold.  The  simple  apijaratus  which  had 
been  described,  wherewith  these  trials  had  been  carried  out,  and  the 
ease  with  which  it  was  applied,  would  he  hoped  encourage  shipowners, 
wherever  they  could  do  so,  to  keep  it  always  on  board,  so  that  the 
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engineers  could  try  tlieir  engines  in  as  thorough  and  systematic  a 
way  as  possible,  not  only  at  the  beginning  of  a  voyage,  but  also 
during  its  course  and  at  the  end,  so  as  to  see  whether  there  was  any 
deterioration  in  their  working ;  and  if  any  such  statistics  so  gathered 
were  forwarded  for  record  to  one  place,  as  for  instance  to  this 
Institution,  they  would  he  was  sure  be  of  the  greatest  possible  value. 
In  connection  with  the  extraordinary  variation  of  1  to  119,  which 
he  had  shown  (page  94)  to  exist  in  the  amount  of  power  put  into 
steamers  per  ton  of  disj)lacement,  the  question  naturally  arose 
whether  so  remarkably  small  an  amount  of  power  as  that  in  some 
cargo  ships,  going  down  to  as  low  as  one-seventh  of  an  indicated 
horse-power  per  ton  of  disjilacement,  was  really  enough  under  the 
trying  circumstances  which  sometimes  arose  at  sea.  Within  two 
months  past  there  had  been  at  least  one  terrible  storm,  causing  a 
considerable  number  of  cargo  boats  to  be  lost,  and  nobody  knew 
exactly  in  what  way  they  had  been  lost.  "When  however  the  story  was 
remembered  of  the  hurricane  which  took  place  at  Samoa  five 
years  ago,  wherein  the  cruiser  "  Calliope "  with  her  strong  and 
excellent  engines  of  enormous  power  was  the  only  steamer  which 
was  able  to  go  against  the  storm  and  to  make  her  way  out  to  sea 
in  safety,  the  other  vessels  in  the  harbour  being  all  driven  ashore 
and  lost ;  when  the  enormous  power  was  borne  in  mind  which  had 
to  be  exerted  in  that  shij)  to  steam  against  the  hurricane  ;  and  when 
the  number  of  cargo  vessels  was  contemplated  which  in  heavy 
weather  had  been  lost  and  never  heard  of  again  : — he  could  not  help 
suspecting  that  shipbuilders  and  marine  engineers  might  perhaps 
have  gone  almost  too  far  in  keeping  down  the  power  in  those  vessels, 
and  it  no  doubt  behoved  them  to  consider  this  matter  seriously.  It 
was  not  enough  he  considered  that  goods  should  be  carried  across 
the  sea  at  such  exceedingly  economical  rates  as  he  had  shown 
(page  94)  had  now  been  attained,  if  the  whole  vessel  was  liable  to 
be  wrecked,  and  the  lives  it  carried  to  be  lost,  in  the  event  of  one  of 
the  furious  gales  which  occurred  every  now  and  then.  Even  at  the 
sacrifice  of  some  expense  in  the  transit  of  goods,  there  ought  to  be 
sufficient  power  he  thought  on  board  every  ship  to  be  able  to  bring 
her  safely  to  port,  whatever  happened. 
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Mr.  Alfred  Saxon  thought  that,  from  a  land  engineer's  point  of 
view,  if  all  marine  engines  had  as  much  reserve  power  stored  up 
in  them  as  had  the  engines  of  the  "  lona "  at  the  time  when 
the  indicator  diagrams  were  taken  in  the  trial,  no  fear  need  be 
felt  for  the  safety  of  cargo  steamers  as  far  as  power  was  concerned. 
It  was  shown  in  Table  26  that  the  "  lona  "  with  a  boiler  pressure  of 
179*58  lbs.  absolute  per  square  inch  had  been  developing  a  mean 
effective  pressure  referred  to  the  low-pressure  cylinder  of  only 
21  •  13  lbs.  per  square  inch,  whereas  the  "  Ville  de  Douvres  "  with  a 
lower  boiler  i)ressure  of  only  120  •  64  lbs.  had  been  developing  as 
much  as  30*17  lbs.  The  triple-espansion  engines  in  the  "Meteor," 
which  might  also  be  taken  for  comparison  with  those  in  the 
"  lona,"  had  been  doing  practically  the  same  effective  work  as  the 
engines  in  the  "  Ville  de  Douvres,"  their  mean  effective  pressure 
referred  to  the  low-pressure  cylinder  being  29  *  90  lbs.,  while  that  in 
the  "  Ville  de  Douvres  "  was  30  *  17  lbs.  It  was  therefore  seen  that  in 
the  triple-expansion  engines  of  the  "  lona  "  there  was  a  considerable 
reserve  of  power  before  reaching  these  higher  effective  pressures  in 
the  low-pressure  cylinder :  so  that  the  indicated  horse-power  of  the 
"  lona  "  ought  scarcely  to  be  compared  he  thought  with  that  of  the 
"  Ville  de  Douvres,"  as  had  been  done  by  Mr.  Head,  when  the 
engines  of  the  "  lona  "  were  not  working  at  their  full  capacity. 

The  loss  of  steam  pressure  between  the  boiler  and  the  valve-chest 
in  the  "  lona"  was  seen  from  page  61  to  be  but  small,  amounting  to 
only  5  lbs.,  thereby  proving  that  the  supply  pipes  to  that  valve-chest 
were  of  pretty  good  size,  although  perhaps  they  might  be  still  further 
enlarged  with  advantage.  He  enquired  whether  the  valve-chest 
pressure  had  been  taken  with  an  indicator,  as  well  as  with  a  pressure 
gauge  ;  and  if  so,  whether  the  indicator  diagram  so  produced  was  a 
straight  line,  or  a  fluctuating  diagram  such  as  was  often  obtained 
from  valve-chests  to  which  the  supply  pipes  were  too  small.  From 
an  examination  of  the  indicator  diagrams  taken  from  the  cylinders  of 
the  "  lona "  it  would  be  seen  that  the  capacities  of  jiorts  and  jjipcs 
and  passages  generally  all  through  wero  well  designed,  because  the 
loss  of  pressure  at  both  ends  was  so  small :  at  one  end  between  the 
boiler  and  the  high-pressure  valve-chest,  and  at  the  other  end  between 
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the  low-pressure  cylinder  and  the  condenser.  In  the  "  Tartar  "  there 
was  about  11  lbs.  loss  of  j^ressure  between  the  boiler  and  the  valve- 
chest,  Plate  7,  and  again  about  the  same  between  the  latter  and  the 
high-pressure  cylinder  ;  and  it  aj)peared  to  him  that  in  this  steamer 
the  engines  were  crippled  all  through  in  regard  to  size  of  pipes,  valves, 
and  port  openings.  Where  the  pi^Jes  and  ports  were  not  quite  large 
enough,  the  point  of  cut-off  was  not  so  easy  to  determine  in  an 
indicator  diagram  ;  and  this  consideration  seemed  to  him  to  confirm 
Professor  Beare's  explanation  (pages  73-4)  in  regard  to  the  "  Tartar  " 
engines.  In  the  "  Colchester,"  where  there  was  a  considerable  loss 
of  pressure  between  the  boiler  and  the  high-pressure  cylinder,  the 
steam-chest  pressure  was  not  given  ;  but  from  the  indicator  diagrams 
he  thought  it  would  be  found  that  the  cut-off  in  the  high-pressure 
cylinder  was  not  arranged  at  the  best  point  for  utilizing  as  much  of 
the  boiler  pressure  as  possible.  In  his  own  experience  at  any  rate 
he  had  found  that,  where  slide-valves  or  piston-valves  did  not  give 
an  effective  cut-off,  the  cylinder  pressure  did  not  approximate  so 
closely  to  the  boiler  pressure  as  it  did  if  the  cut-off  were  effective. 
The  conclusion  the  author  arrived  at  on  this  point  he  believed  was 
correct  (page  61),  namely  that  there  was  little  use  in  carrying  high 
boiler-pressures  where  such  a  great  deal  of  loss,  as  much  as  nearly 
13  per  cent,  in  one  instance,  occurred  between  the  boiler  and  the 
high-pressure  cylinder. 

Eeverting  once  more  to  the  comparison  he  had  already  made  of 
the  "  Ville  de  Douvres  "  with  the  "  Meteor,"  a  two-cylinder  compound 
engine  with  a  triple-expansion — although  it  was  hardly  fair  to  compare 
them  unless  they  had  been  working  at  the  same  boiler  pressure — it 
would  be  seen  that  considerably  more  power  could  be  developed 
from  the  triple-expansion  engine  than  from  the  other,  because  the 
two  engines  were  here  practically  doing  the  same  effective  work,  as 
measured  by  the  mean  effective  pressure  in  their  low-pressure 
cylinders  (Table  26),  but  with  a  smaller  consumption  of  feed- water 
in  the  "Meteor"  per  indicated  horse-power  per  hour  (Table  29). 
This  was  one  great  advantage  resulting  from  the  use  of  the  higher 
steam-pressure  and  of  triple  expansion,  which  together  allowed  of 
the  development  of  the  power  with  greater  economy. 
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Mr.  Charles  Cochrane,  Past-President,  referring  to  the  loss  of 
steam  pressure  in  the  "  Zona "  between  the  boiler  and  the  high- 
pressure  cylinder,  considered  that  with  the  boiler  pressure  of 
179*58  lbs.  per  square  inch  the  loss  of  5  lbs.  between  the  boiler  and 
the  high-pressure  steam-chest  (page  61)  clearly  arose  from  the  pipe 
being  too  small  which  conveyed  the  steam  from  the  boiler  to  the 
steam-chest.  Then  there  was  a  further  loss  of  17^  lbs.  between  the 
pressure  in  the  valve-chest  and  the  initial  pressure  in  the  cylinder, 
which  must  arise  from  the  ports  being  too  small  or  else  from  some 
movements  of  the  valve-gear  that  were  not  perfectly  correct.  When 
it  was  suggested  (page  61)  that  a  boiler  should  not  be  constructed  for 
such  a  high  pressure  as  180  lbs.  if  nearly  13  per  cent,  of  this  was  to 
be  lost  between  the  boiler  and  the  first  cylinder,  he  would  urge  that, 
in  view  of  the  defects  in  steam  pipes  and  ports  and  valve  gear,  it  was 
absolutely  necessary  and  most  important  to  construct  the  boiler  for 
180  lbs.  pressure,  in  order  to  get  in  the  cylinder  the  initial  pressure 
of  157  lbs.  which  was  needed  for  developing  the  power  required. 

In  regard  to  the  relation  of  condensing  water  to  condensed,  the 
observations  in  page  69  of  the  paper  appeared  to  him  to  contain 
much  material  for  the  future  development  of  the  whole  subject, 
seeing  that  attention  had  also  most  properly  been  called  in  page  55 
to  the  difficulty  of  measuring  the  large  quantity  of  condensing  water 
so  as  to  compare  it  with  that  condensed.  The  best  means  he  believed 
of  ascertaining  the  quantity  at  the  present  time,  where  no  direct 
measurement  was  as  yet  possible  with  a  tank  or  meter,  was  to  note 
the  heating  effect  produced  xipon  the  condensing  water,  and  to 
compare  this  with  the  measured  temperature  of  the  condensed  water 
which  was  carefully  weighed.  By  this  means  a  pretty  close 
approximation  to  the  actual  weight  of  condensing  water  employed 
would  be  arrived  at.  The  only  error  he  could  see  in  such  a 
calculation  was  that  due  to  radiation  from  the  condensing  vessel.  In 
the  "  lona "  and  the  "  Ville  de  Douvres,"  which  had  been  so  ably 
compared  by  Mr.  Head,  there  were  certain  points  in  connection  with 
the  relation  of  the  condensing  water  to  the  condensed,  which  he 
thought  ought  to  attract  closer  attention.  In  the  "  lona  "  the  vacuum 
obtained  in  the  condenser  was  no  less  than   13-88  lbs.  per  square 
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incli  (Table  26),  whereas  in  the  "  Ville  de  Douvres "  it  was  only 
10-12  lbs.  Why  was  this  ?  The  "lona"  had  9-47  square  feet  of 
condensing  surface  (page  69),  over  which  passed  52*5  lbs.  of 
condensing  water  per  pound  of  steam  condensed ;  whereas  the 
"  Ville  de  Douvres "  had  a  diminished  condensing  surface  of  only 
5  •  93  square  feet,  over  which  passed  only  43  •  1  lbs.  of  condensing 
water  per  pound  of  steam.  What  then  could  be  expected  to  be 
obtained  in  the  latter  case  but  such  a  low  vacuum  as  10 "12  lbs.? 
The  explanation  given  at  the  time  of  the  trial  he  understood  had 
been  that  everything  was  sacrificed  to  speed  in  the  "  Ville  de 
Douvres "  ;  but  without  presuming  to  criticise  the  design  of  her 
engines,  he  could  not  help  thinking  that  the  same  speed  might  have 
been  obtained  with  some  greater  economy  by  a  modification  in  the 
arrangements  of  the  condenser.  With  this  view  he  was  the  more 
impressed  on  contrasting  the  temperatures  of  the  circulating  water 
in  the  two  steamers,  as  measured  at  the  inlet  and  outlet  (page  69). 
From  these  it  was  seen  that  the  "  Ville  de  Douvres  "  had  the  further 
disadvantage  of  starting  with  the  inlet  water  at  61*7°,  while  in  the 
"  lona  "  it  was  only  55  •  S°,  or  something  like  6°  cooler.  Moreover 
the  rise  of  temperature  in  the  "  Zona,"  from  55  •  8°  at  the  inlet,  was 
only  to  75  •  5^  at  the  outlet ;  while  in  the  "  Ville  de  Douvres," 
commencing  at  the  higher  temperature  of  61*7°,  the  water  passed 
out  at  85°,  which  was  naturally  a  serious  disadvantage  to  the  economy 
of  fuel. 

In  reference  to  the  paper,  he  could  not  refrain  from  remarking 
what  great  praise  was  due  to  the  author  for  the  able  way  in  which  he 
had  criticised  the  trials  of  these  six  vessels.  Only  a  few  years  ago 
all  that  was  depended  upon  in  ocean  traffic  was  the  amount  of  coal 
consumption  in  any  voyage  ;  and  there  was  no  attempt  to  separate 
the  duty  of  the  boiler  from  that  of  the  engine.  This  Institution  had 
the  credit  for  having  originated  and  carried  out  the  series  of  trials 
so  ably  superintended  by  their  President,  Professor  Kennedy,  which 
had  led  to  the  adoption  of  accurate  methods  for  determining  the  duty 
both  of  engines  and  of  boilers,  in  place  of  the  rough  and  ready  and 
inaccurate  methods  formerly  followed. 
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Mr.  Druitt  Halpin  was  glad  allusion  had  been  made  in  the 
concluding  jjaragraph  of  the  paper  to  the  simple  and  easy  mode  of 
measuidng  the  feed-water  in  the  "  Ville  de  Douvres  "  by  means  of  a 
meter.  In  the  discussion  upon  some  of  the  earlier  trials  (1889 
page  296,  and  1891  page  247),  he  had  himself  called  attention  to 
this  mode  of  measurement,  because  he  thought  the  substitution  of 
a  meter  in  place  of  cumbersome  measuring  tanks  would  help  to 
popularise  these  trials  amongst  shipowners,  seeing  that  trials  could 
thereby  be  carried  out  with  so  little  trouble.  The  late  Mr.  Sennett, 
a  short  time  before  he  left  the  Admiralty  in  1889,  had  put  a 
meter  to  measure  the  feed  in  one  of  the  large  rams  or  cruisers, 
for  enabling  him  to  separate  the  duty  of  the  boilers  from  that  of 
the  engines.  Whether  any  experiments  had  been  made  with  it  he 
did  not  know;  but  as  Mr.  White  appeared  to  think  so  highly  of 
the  present  trials  in  regard  to  what  the  merchant  navy  had  done, 
he  hoped  that  perhaps  the  Eoyal  Navy  might  now  be  looked  to  for 
some  similar  results.  In  a  paper  contributed  to  this  Institution 
seven  years  ago  from  another  branch  of  the  public  service,  it  had  been 
shown  that  as  much  as  from  34  to  39  lbs.  of  water  per  indicated 
horse-power  per  hour  had  passed  through  a  stationary  steam-engine 
experimented  upon  at  Woolwich,  when  condensing,  and  from  40  to 
51  lbs.  when  non-condensing  (Proceedings  1887,  page  494).  Though 
he  did  not  suppose  anything  of  this  kind  was  going  on  in  the  Navy, 
it  would  be  interesting  to  know  what  really  was  the  consumption  of 
feed- water,  now  that  it  was  shown  it  could  be  so  readily  measured  by 
a  meter. 

The  loss  of  steam  pressure  between  the  boiler  and  the  first 
cylinder  (Table  26),  which  had  been  already  commented  upon  in  the 
discussion  as  well  as  in  the  paj)er  (page  61),  was  in  his  opinion  a 
most  serious  matter,  and  he  considered  that  not  under  any 
cii'cumstances  ought  a  boiler  to  be  constructed  to  carry  so  high  a 
pressure  as  180  lbs.,  in  order  to  get  only  157  lbs.  initial  pressure  in 
the  cylinder.  Some  time  ago  in  a  comjiound  engine  working  with  a 
boiler  pressure  of  somewhere  about  160  lbs.  this  point  had  been 
accurately  tested  by  stoj)ping  the  engine  on  the  dead  centre,  and  then 
turning  on  the  steam  to  enter  through  the  lead  of  the  valve  and 
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fill  the  cylinder.  The  pressure  in  the  cylinder  was  then  marked 
by  the  indicator,  and  agreed  correctly  with  that  shown  by  the 
gauge  on  the  boiler,  which  kept  dead  steady.  There  was  therefore 
no  question  of  the  steam  pipes  in  that  particular  instance  ;  evidently 
they  were  amply  large  enough.  But  as  soon  as  ever  the  engine 
was  started,  the  result  was  that,  although  the  boiler  pressure 
remained  steady  at  the  same  amount  as  before,  there  was  at  once  a 
drop  of  14  lbs.  in  the  initial  pressure  in  the  cylinder.  This  was 
cured  in  a  simple  way  and  in  a  short  time.  The  engine  had  an 
expansion-slide  with  variable  stroke  on  the  back  of  the  main  slide- 
valve  ;  and  the  ports  in  the  expansion-slide  were  of  the  ordinary 
form,  that  is,  parallel  through  the  whole  thickness  of  the  plate.  The 
only  alteration  made  consisted  in  cutting  away  the  back  edges  of  these 
ports  with  a  chisel,  so  as  to  widen  the  ports  out  towards  the  back  of 
the  expansion-slide,  roughly  in  the  form  of  a  "  vena  contracta," 
thereby  facilitating  the  entrance  of  the  steam  through  them.  This 
had  the  immediate  result  of  bringing  up  the  initial  pressure  in  the 
cylinder  to  the  extent  of  some  11  lbs.,  that  is,  to  within  about  3  lbs. 
of  the  boiler  pressure. 

In  Table  24,  showing  the  heat  lost  by  radiation  from  the  boiler 
surfaces,  the  author  had  been  good  enough  to  give,  in  addition  to  the 
percentage  lost,  the  rate  of  transmission  also  of  the  escaping  heat  in 
thermal  units  per  square  foot  of  surface  per  hour ;  and  as  in  another 
column  the  difference  of  temperature  between  the  steam  and  the  air 
was  given,  all  the  required  data  were  here  furnished  for  comparing 
the  rates  of  radiation,  and  the  results  were  certainly  most 
extraordinary.  In  the  "  Meteor "  the  thermal  units  escaping  per 
square  foot  of  heating  surface  per  hour  and  per  degree  of  difference 
in  temperature  were  10*1 ;  in  the  "  Colchester"  9*2  ;  in  the  "Fusi 
Tama  "  5  -8  ;  in  the  "  lona  "  4-  6  ;  and  in  the  "  Ville  de  Douvres  " 
5  •  7.  All  of  these,  even  the  lowest,  seemed  extremely  high  results, 
because  it  might  be  taken  generally  that  the  transmission  of  heat 
either  from  steam-heated  or  from  water-heated  j)ipes  into  air  was 
not  more  than  about  2  thermal  units  per  square  foot  per  hour  per 
degree  of  difference  in  temperature  ;  and  in  some  of  the  published 
experiments  made  by  the  President  with  his  usual  care  it  would  be 
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found  that,  taking  75  per  cent,  as  tlie  efficiency  of  the  stationary 
boilers  experimented  upon,  the  radiation  amounted  to  only  about 
75  thermal  units,  instead  of  the  large  losses  given  in  Table  24, 
ranging  from  1,430  up  to  as  much  as  3,120  thermal  units.  The 
small  loss  he  had  mentioned  of  only  2  thermal  units  per  degree 
pertained  of  course  to  ordinary  cases  where  there  was  no  strong 
draught ;  but  by  the  production  of  a  strong  draught  either  artificially 
or  accidentally  the  radiation  might  be  increased  up  to  five  or  six 
times  as  much.  Although  in  the  stoke-holds  of  marine  boilers  there 
was  usually  a  gi'eat  draught,  he  did  not  see  how  there  could  possibly 
be  any  draught  strong  enough  to  account  for  such  an  abnormal 
radiation.  Presuming  that  the  figures  given  were  correct,  he  could 
not  understand  how  such  large  losses  by  radiation  were  brought 
about,  even  including  all  the  uncovered  surfaces  of  the  smoke-boxes, 
funnels,  and  all  other  parts. 

In  referring  to  the  condensing  water,  it  had  been  remarked 
by  Mr.  Cochrane  that  from  the  known  weight  of  the  relatively 
small  quantity  of  steam  going  through  the  engine,  and  from  the 
measured  temperature  of  the  condensed  water  and  the  rise  in 
temperature  of  the  condensing  water,  the  quantity  of  the  condensing 
water  could  be  calculated,  the  only  loss  to  be  allowed  for  being  that 
from  radiation  (page  101).  If  this  were  all,  then  in  the  same 
way,  taking  15,000  thermal  units  in  one  lb.  of  coal,  it  might 
be  practicable  at  once  to  calculate  the  evaporation  in  a  boiler ; 
but  he  did  not  see  how  the  evaporation  could  be  obtained  from  this 
one  factor  alone,  because  it  would  vary  with  diflerent  kinds  of 
boilers  and  under  difierent  circumstances  of  combustion,  and  could 
be  arrived  at  only  by  direct  experiment  in  each  particular  case.  By 
a  rough  and  ready  rule,  from  25  to  30  times  the  weight  of  water  was 
required  for  condensing  the  steam  passing  through  the  engine ;  but 
if  the  rise  of  temperature  in  the  condensing  water  and  the  heat 
given  ofl"  by  the  condensed  steam  were  the  only  factors  that  were 
reckoned,  it  would  be  found  that  much  less  condensing  water  was 
wanted.  The  fact  was  that  in  condensing  with  jet  condensers  there 
was  not  steam  alone  to  be  dealt  with,  but  also  large  and  unknown 
quantities   of  air ;    and   with   surface   condensers,   instead   of  only 
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radiation  from  the  condenser  there  were  also  large  losses  in 
transmission  to  be  dealt  with,  causing  the  whole  apparatus  to  be 
less  efficient.     [See  also  page  138.] 

Mr.  JosiAH  McGregor  said  no  one  could  appreciate  the  trials 
dealt  with  in  the  paper  more  highly  than  he  did,  having  himself  been 
connected  with  the  design,  construction,  and  working  of  marine 
engines  for  a  lengthened  period,  during  which  there  had  been  a  great 
number  of  changes  in  the  methods  of  procedure,  due  as  much  he 
believed  to  trial  and  error  as  to  a  better  understanding  of  the 
principles  involved.  There  were  few  engineers  who  had  had 
anything  to  do  with  the  subject  who  had  not  been  brought  frequently 
in  contact  with  questions  upon  which  the  present  paper  shed  a  flood  of 
light.  Sometimes  they  had  made  experiments  on  their  own  account ; 
but  usually  such  experiments  had  been  conducted  under  circumstances 
which  prevented  reliable  data  from  being  obtained. 

In  the  trials  here  dealt  with  there  were  indeed  some  peculiar 
and  interesting  results  in  regard  to  the  boilers.  Gauging  the 
performance  of  a  boiler  by  the  pounds  of  feed-water  per  square  foot 
of  heating  surface  per  hour,  he  noticed  in  Table  18  (page  39)  a 
variation  from  9  •  02  lbs.  in  the  "  Ville  de  Douvres  "to  2  •  73  lbs.  in 
the  "  lona."  The  significance  of  this  variation  was  perhaps  more 
apparent  on  considering  that,  if  the  boilers  of  the  "  lona  "  had  been 
worked  as  those  of  the  "  Ville  de  Douvres  "  were,  then  fewer  boilers 
in  the  ratio  of  one  for  every  three  would  have  been  sufficient :  which 
was  certainly  curious.  This  great  extravagance  of  boiler  power  in 
the  "  lona  "  was  accompanied  by  no  corresjDonding  advantage  in  the 
performance ;  for  he  noticed  that  the  efficiency  of  the  boilers  in 
these  two  steamers,  as  represented  by  the  percentage  of  heat  taken 
up  by  the  feed-water,  varied  only  from  69-2  per  cent,  in  the  "  lona  " 
to  66-1  per  cent,  in  the  "  Ville  de  Douvres."  These  trials  showed 
that  the  percentage  of  heat  taken  up  by  the  feed-water  varied  from 
62-0  to  69*2  per  cent.  And  the  transmission  of  heat  by  the  boilers 
varied  nearly  as  the  heat  supplied  ;  this  he  had  himself  found  to  be 
the  case  in  a  number  of  trials  he  had  made  in  the  Bay  of  Bengal 
witli  the  steamer  "  Satara  "  belonging  to  the  British  India  Steam 
Navigation  Co.,  at  a  rate  of  heat  supply  intermediate  between  that 
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in  the  "  Meteor  "   or  "  Colcliester "  and  that  in  the  "  lona,"  which 
were  the  two  widest  apart  in  the  present  series. 

From  the  particulars  given  of  these  trials  it  was  interesting  to 
estimate  the  temperatures  of  the  fires.     He  had  thus  found  that  the 
temperature  in  the  "  Meteor  "  was  the  highest,  namely  about  3,855° 
Fahr.;   in  the  "Ville  de  Douvres"  it   was   3,241°;   while   in   the 
"  lona "    it    was    2,465°.       If    the    same     method    of    estimating 
temperature  was  applied  to  the  gases   in  the  chimney,  the   results 
varied  considerably  from  the   temperatures  actually  found:   which 
seemed  to  show  that  a  considerable  error  existed  somewhere.     The 
air  supply  he  suspected  was  chiefly  accountable  for  the  discrej)ancy. 
From  Table  22  he  inferred  that  the  air  was  estimated   from   the 
chemical  analysis  of  the  gases  in  the  chimney:  he  supposed  from 
the  quantity  of  oxygen  found  in  the  chimney.     If  all  the  oxygen 
found  in  the  chimney  was  procured  from  the  air,  and  it  all  went  to 
oxidise  the  carbon  and  hydrogen,  then  of  course  the  result  would  be 
correct ;  but  he  noticed  that  none  of  the  hydrogen  in  the  analysis  of 
the  fuel  itself  (Table  19)  was  accounted  for  in  the  chimney.     That 
there  must  be  some  uncertainty  about  the  air  supplied  was  evident 
from  the  difference  obtained  with  two  precisely  similar  boilers  in  the 
same  steamer :  in  the  "  Colchester  "  (page  50)  the  after  funnel  had 
37  per  cent,   more  air  than  the   forward,  with  10   per   cent,   less 
draught,    the    effect    of    which    was    only    1^    per    cent,    greater 
consumi)tion  of  fuel.     Hence  it  was  clear  that  considerable  latitude 
must  be  given  to  the  results  recorded. 

From  Table  29  it  was  seen  that  the  engines  of  the  "  lona  " 
consumed  13  "35  lbs.  of  steam  per  indicated  horse-power  per  hour, 
while  those  of  the  "  Ville  de  Douvres  "  took  as  much  as  20  •  77  lbs. 
of  steam.  A  convenient  way  of  estimating  the  size  of  an  engine 
in  relation  to  its  j)ower  was  to  take  the  cylinder  capacity  per  indicated 
horse-power  per  minute ;  and  when  this  calculation  was  made  from 
the  figures  given  in  the  paper,  it  was  found  that  the  "  lona's " 
performance  was  obtained  with  a  size  of  engine  equal  to  16*25  cubic 
feet  of  cylinder  capacity  per  indicated  horse-power  per  minute, 
while  the  "Ville  de  Douvres"  had  only  9-61  cubic  feet:  so  that 
proportionately  the  engines  of  the  "  lona  "  were  nearly  double  the 
size  of  those  of  the  "  Ville  de  Douvres." 
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The  defective  vacuum  in  the  "  Villa  de  Douvres  "  he  thought  was 
to  be  accounted  for  most  probably  by  some  undetected  leak  ;  for  the 
condenser  appeared  to  have  been  supplied  with  a  full  quantity  of 
water,  and  it  extracted  its  full  quantity  of  heat.  From  the  data 
previously  given  (Proceedings  1892,  page  163,  line  80)  he  calculated 
that  as  much  as  4 '29  lbs.  of  circulating  water  was  supplied  per 
hundred  thermal  units,  and  in  the  "Zona"  5-07  lbs.;  so  that  the 
difference  was  not  so  considerable  as  to  account  for  the  difference  in 
vacuum.  One  cause  which  might  account  for  a  part,  but  only  a  part, 
of  the  deficient  vacuum  in  the  "  Ville  de  Douvres "  was  the  small 
air-pump  capacity,  amounting  to  only  0*80  cubic  foot  per  pound  of 
feed-water,  whereas  the  "  lona  "  had  1  •  45  cubic  foot.  The  great 
deficiency  in  vacuum  in  the  "  Ville  de  Douvres  "  must  therefore  be 
accounted  for  by  some  other  cause  than  had  hitherto  been  assigned 
for  it. 

Mr.  Bryan  Donken  believed  that  meters  were  now  used  in  the 
French  and  German  navies  for  measuring  the  feed-water. 

It  might  be  interesting  to  draw  attention  to  the  maximum 
and  minimum  results  of  the  six  trials  rej)orted,  three  of  two- 
cylinder  compound  engines  and  three  of  triple-expansion.  The 
pressures  of  steam  varied  from  70  to  180  lbs.  absolute  per  square 
inch  (Table  18).  The  boiler  efficiencies  varied  but  little,  only  from 
62  to  69  per  cent.  The  feed-water  evaporated  from  and  at  212°  Fahr. 
varied  per  lb.  of  coal  from  8j  up  to  as  high  as  10|  lbs. ;  and  per 
square  foot  of  heating  surface  from  3;^  to  nearly  10  lbs.  per  hour 
(Table  21).  The  consumption  of  coal  per  square  foot  of  grate 
per  hour  varied  2^  times,  namely  from  12  to  31  lbs.  The  engine 
efficiency  (Table  29)  varied  from  only  11  per  cent,  up  to  17  percent. ; 
the  revolutions  (Table  25)  from  37  to  87  per  minute  ;  and  the  indicated 
horse-power  (Table  27)  from  370  to  3,000.  The  feed-water  per 
indicated  horse-power  per  hour,  of  course  with  different  pressures  of 
steam,  varied  as  much  as  li  times,  namely  from  21 J  lbs.  in  the 
"Colchester"  to  13^  lbs.  in  the  "  loua."  From  the  "lona"  trial, 
which  seemed  to  have  been  the  best  of  all,  the  following  were  some 
of    the   principal    results.     The    consumption    of   coal    per    square 
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foot  of  grate  per  hour  was  about  22i^  lbs.,  and  per  indicated  horse- 
power per  hour  1^  lb.  The  feed- water  evaporated  from  and  at 
212°  Fahr.  per  square  foot  of  heating  surface  per  hour  was  3i  lbs., 
and  per  lb,  of  coal  10 1  lbs, ;  and  the  boiler  efficiency  69  per  cent. 
The  funnel  temperature  was  the  lowest  of  any,  namely  452°,  The 
velocity  of  the  gases  through  the  tubes  (Table  23)  was  also  the 
lowest,  namely  500  feet  per  minute.  The  revolutions  were  61  per 
minute.  The  boiler  pressure  was  the  highest  of  any,  being  180  lbs. 
absolute  per  square  inch ;  and  at  the  same  time  the  condenser 
vacuum  was  the  best,  being  only  f  lb,  absolute,  or  13|  lbs,  below 
the  atmosphere.  The  indicated  horse-power  was  one  of  the  lowest, 
645 ;  and  the  feed  -  water  per  indicated  horse  -  power  per  hour 
was  the  lowest,  13^  lbs.  The  engine  efficiency  was  the  highest, 
namely  17  per  cent.  These  results  seemed  to  be  due  to  the 
great  expansion  used,  namely  19  times  (page  68),  notwithstanding 
that  the  high-pressure  cylinder  alone  was  jacketed.  An  interesting 
addition  to  the  paper  would  be  the  proportion  of  total  jacketed 
surface  to  the  total  internal  surface  touched  by  the  steam.  If 
possible  in  any  future  trial  of  a  good  marine  engine,  it  would  be 
desirable  to  try  the  engines  with  all  the  jackets  in  use,  and  with  none. 
Such  an  engine  ought  to  have  a  jacket  surface  of  at  least  from  60  to 
70  per  cent,  of  its  total  surface  exposed  to  the  steam  ;  whereas 
engines  were  often  called  jacketed  when  they  had  no  more  than  only 
30  or  40  per  cent,  of  their  surfaces  jacketed.  The  conclusion  to  be 
drawn  from  the  whole  of  these  careful  and  accurate  trials  seemed  to 
him  to  be  that,  in  order  to  obtain  the  best  economy,  there  should  be 
larger  heating  surface  in  the  boilers,  greater  expansion,  higher 
pressures  of  steam,  and  hotter  cylinder  walls  or  thoroughly  jacketed 
cylinders,  especially  the  cylinder  covers. 

Mr.  Charles  E.  Cowper  suggested  that  Capt.  Sankcy  should 
be  asked  to  give  some  exjilanatiou*  of  the  method  by  which  the 
ordinary  indicator  diagrams  Avere  transferred  to  the  theta-phi  chart 
so  as  to  produce  the  theta-phi  diagrams.     The  literature  on  this 

*  See  footnote  on  page  83. 
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subject  he  believed  was  at  present  limited  to  three  papers  : — the 
original  paper  read  by  Mr.  Macfarlane  Gray  at  the  Paris  Meeting 
of  this  Institution  (Proceedings  1889,  page  411),  which  treated 
the  matter  entirely  from  a  theoretical  point  of  view ;  a  paper  read 
by  Mr.  Willans  to  the  Institution  of  Civil  Engineers  in  1888 
(Proceedings  vol.  xciii  page  133,  and  vol.  xcvi  page  240),  in  which  he 
introduced  the  chart ;  and  his  further  posthumous  paper  in  last  year 
(vol.  cxiv  page  8).  The  late  Mr.  Willans  was  a  practical  engineer 
and  maker  of  steam  engines,  and  believed  thoroughly  in  the  6  ^ 
chart ;  and  theii"  present  President  had  at  the  Paris  Meeting  expressed 
-  his  admiration  of  it  (Proceedings  1889,  page  458).  On  the  occasion 
of  the  discussion  last  year  at  the  Institution  of  Civil  Engineers 
(vol.  cxiv  page  87)  he  had  himself  worked  out  a  numerical  example 
from  the  usual  test-book  formula  for  work  due  in  heat  units,  and  had 
shown  the  agreement  between  the  result  so  obtained  and  the  area 
representing  the  same  in  the  9  4>  chart.  Capt.  Sankey  had  now 
made  a  great  step  in  advance  by  adding  the  constant-volume  curves 
to  the  original  6  4>  chart ;  and,  with  the  assistance  of  these  curves, 
drawing  on  the  chart  $  <^  diagrams  representing  actual  indicator 
diagrams.  In  the  early  days  of  the  steam  engine,  indicator  diagrams 
had  no  doubt  looked  to  the  majority  of  engineers  almost  as 
unintelligible  as  the  new  0  0  diagrams  seemed  at  present;  but 
every  mechanical  engineer  conversant  with  steam  engines  now  knew 
the  meaning  of  every  part  of  an  indicator  diagram,  and  appreciated 
the  information  which  it  afforded.  Who  could  tell  therefore  what 
might  not  be  done  in  the  future  with  the  0  (fi  chart  and  diagram  ? 

The  President  was  sure  that  the  Members  must  all  be  as  desirous 
as  himself  to  hear  something  from  Mr.  Macfarlane  Gray  on  the 
subject  of  his  theta-phi  diagram,  of  which  the  high  practical  value 
was  now  rendered  so  clearly  apparent  from  the  illustrations  furnished 
by  Capt.  Sankey. 

Mr.  J.  Macfarlane  Gray  regretted  that  he  was  not  able  to  offer 
any  remarks  on  this  subject,  steam-engine  performance  being  one  of 
the  subjects  about  which  the  Board  of  Trade  had  made  a  rule  that 
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the  individual  opinion  of  any  of  their  engineer  officers  must  not  be 
made  public.  His  application  that  an  exception  might  be  made  in 
this  instance  had  today  been  refused. 

Mr.  John  Phillips  remembered  that  on  the  occasion  of  the  first 
report  of  the  Committee  upon  these  Marine-Engine  Trials  it  had 
been  pointed  out  by  the  President  (Proceedings  1889,  page  253) 
that  the  object  of  the  trials  was  not  to  form  a  basis  on  which  to 
criticize  the  design  or  construction  of  the  machinery,  but  to  ascertain 
the  results  obtained  from  its  working.  The  fact  that  these  results 
were  now  grouped  together  in  the  present  paper  he  therefore  thought 
did  not  afford  ground  for  any  comparison  between  the  different  kinds 
of  machinery,  except  in  regard  to  what  each  had  done.  A  comparison 
had  been  drawn  (page  100)  between  the  "  Tartar  "  and  the  "  lona," 
and  it  had  been  stated  that  in  the  former  the  engines  were  crippled 
by  the  steam-pipes,  ports,  and  valve-gear  ;  and  attention  had  been 
called  to  the  fall  of  pressure  between  the  boiler  and  the  high-pressure 
slide-valve  casing  as  being  so  much  more  than  in  the  "  lona."  This 
did  not  appear  to  him  to  be  a  correct  inference  to  draw  from 
Table  26  ;  for  if  the  boiler  pressure  and  the  initial  pressure  in  the 
high-pressure  cylinder  were  compared,  it  would  be  found  that  the 
fall  in  pressure  in  the  "  Tartar  "  was  22  •  20  lbs.  and  in  the  "  lona  " 
22-50  lbs.,  or  practically  the  same  in  both.  This  difference  of 
pressure  however  really  showed  in  his  opinion  no  defect  of 
construction  in  either  engine.  In  the  "  lona  "  the  true  explanation 
he  considered  was  that  the  engine  was  throttled  and  linked  up  to 
such  an  extent  as  was  found  best  for  the  speed  at  which  it  was 
intended  to  run,  and  thereby  the  initial  pressure  was  correspondingly 
reduced  in  the  high-pressure  cylinder.  Eeferring  to  the  question 
raised  in  the  paper  (page  61)  as  to  the  use  of  a  boiler  pressure  so 
high  as  180  lbs.  absolute  when  the  initial  i)ressure  in  tho  high- 
pressure  cylinder  was  not  more  than  157  lbs.,  it  had  been  stated  by 
Mr.  Mudd  on  a  former  occasion  (Proceedings  1891  page  278)  that 
there  was  economy  in  this  plan  of  working  the  steam  ;  and  in  this 
view  he  coincided.  Neither  in  tho  "  Tartar "  nor  in  the  "  lona " 
were  the  engines  working  at  full  power;  and  therefore  no  proper 
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comparison  could  be  made  between  these  vessels  and  the  "  Colcliester," 
the  "  Ville  de  Douvres,"  and  the  "  Meteor,"  because  tbe  weight  of 
the  machinery  per  indicated  horse-power,  as  seen  in  Table  34,  must 
necessarily  be  greater  when  an  engine  was  working  below  its 
intended  power  than  when  the  same  engine  was  working  up  to  its 
full  power. 

By  way  of  attempting  to  diminish  the  difficulty  of  arriving  at  a 
conclusion  as  to  the  supposed  jjriming  in  the  "  Tartar,"  he  enquired 
whether  the  chimney  of  that  steamer  had  a  damper,  and  whether  the 
temperatures  of  the  funnel  gases  were  taken  on  deck  at  about  the 
same  level  as  in  the  "  lona." 

Mr.  Frederick  Edwards  replied  that  there  was  a  damper  in  the 
chimney  of  the  "  Tartar  ;  "  and  the  point  at  which  the  temperature 
of  the  gases  was  taken  was  above  the  damper,  about  at  the  level  of 
the  deck  he  believed,  but  he  was  not  certain. 

The  President  explained  that  the  temperatm-e  of  the  gases  was 
taken  lower  down  in  the  "  Tartar  "  than  in  the  "  lona."  For  some 
practical  reasons  which  he  did  not  remember,  it  was  necessary  in  the 
"  lona  "  to  go  higher  up  the  funnel  for  measuring  the  temperature  of 
the  gases. 

Mr.  Phillips  doubted  whether  the  heat  supj)osed  to  be  carried 
away  in  the  funnel  gases  could  be  rightly  regarded  as  the  reason 
why  so  much  of  the  heat  was  not  utilized  in  evaporating  the  water. 
In  his  own  experience  as  a  sea-going  engineer,  he  had  never  found 
smoke-box  doors  in  a  marine  boiler  which  did  not  let  more 
or  less  air  leak  in  all  round  them ;  and  of  course  the  larger  the 
door,  the  greater  was  the  length  of  joint  and  attendant  leakage. 
There  were  also  other  places  in  which  air  leakage  could  occur.  If 
therefore  the  samples  of  the  funnel  gases  were  taken  at  any  height 
above  the  tubes,  where  the  entering  air  from  all  these  leakages  had 
had  an  opportunity  of  mixing  with  the  gases  escaping  from  the  tubes, 
it  seemed  to  him  that  no  conclusion  drawn  from  an  analysis  of  the 
gases  could  correctly  represent  what  had  actually  taken  place  in  the 
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combustion  of  the  fuel.  It  was  with  great  diffidence  that  he 
mentioned  this  point,  implying  as  it  did  a  possible  error  in  regard  to 
somfi  of  the  conclusions  in  the  Committee's  rej)ort  of  one  of  the  trials. 
A  suggestion  was  made  in  page  47  of  the  paper  that  the  rolling 
of  the  "  Tartar "  during  the  trial  had  caused  priming.  Having 
however  been  at  sea  both  in  bad  weather  and  in  good  weather,  he 
had  never  found  a  boiler  prime  because  the  ship  was  rolling. 
Moreover  the  water  in  the  boiler,  especially  with  engines  having 
surface  condensers,  contained  comparatively  but  little  air  ;  and  as  far 
as  he  was  aware  water  agitated  without  air  in  it  did  not  foam  in  the 
same  way  it  was  supposed  to  do  when  it  contained  its  normal  quantity 
of  air.  This  he  thought  was  another  reason  why  priming  had  not 
actually  taken  j)lace.  In  the  report  of  the  "  Tartar  "  trial  (Proceedings 
1890,  page  232)  it  was  stated  that  the  steam-jacket  of  the  high-pressure 
cylinder  could  not  be  used  ;  but  no  satisfactory  reason  was  given  for 
this.  This  led  him  to  think,  from  what  had  happened  to  himself  and 
others  in  the  use  of  steam-jacketed  cylinders,  that  without  any 
disparagement  whatever  of  these  engines  there  might  have  been  a 
leak  in  the  joint  of  the  cylinder  liner,  and  water  or  steam  could 
consequently  have  leaked  into  or  out  of  the  cylinder  and  the  jacket, 
the  pressure  in  the  jacket  ranging  from  nothing  up  to  50  lbs.  above 
the  atmosphere ;  there  must  have  been  a  loss  of  heat  in  some  way, 
for  when  the  jacket  was  not  heating  the  cylinder  steam  it  was 
cooling  it.  These  various  points  required  careful  consideration 
before  coming  to  the  conclusion  that  priming  had  occurred.  Any 
condensation  that  might  take  place  between  the  boilers  and  the 
high-pressure  slide-valve  casing  would  apjjear  as  water  in  the 
cylinder,  but  it  would  not  of  necessity  be  priming  water. 

Mr.  E.  C.  r>E  Segundo,  referring  to  the  anomaly  in  the  water 
consumption  during  the  trial  on  board  the  "  Tartar,"  was  personally 
conscious  of  the  fact  that  there  was  water  in  the  intermediate 
cylinder,  for  he  happened  to  be  one  of  the  members  of  the  observing 
staff  and  was  scalded  several  times.  But  he  was  hardly  able  to 
accept  as  satisfactory  the  explauatiou  offered  by  Mr.  Phillips, 
inasmuch   as  the  conclusion  could  not  be  avoided  that,  if  all   the 
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feed- water  had  been  evaporated  by  tbe  boiler,  it  would  have  meant  an 
extraordinary  evaporative  power  in  the  boiler  per  pound  of  fuel. 
The  larger  water  consumption  in  the  "  Tartar "  might  be  due  to 
leakage  of  steam  past  the  valve ;  and  from  the  figures  given  by 
Professor  Beare  there  was  no  doubt  in  his  own  mind  that  there  had 
been  such  a  leakage,  and  this  might  have  been  sufficient  in  amount 
to  account  for  the  higher  consumption  of  water.  The  difficulty  yet 
remained  that  in  spite  of  this  the  coal  consumption  was  so  small. 
The  latter  might  be  explained  in  two  ways  :  one  was  that  the  wbole 
of  the  water  passing  through  the  measuring  tanks  might  not  have 
reached  the  boilers ;  the  other  was  that,  owing  to  the  pitching  and 
rolling  of  the  steamer,  some  error  might  have  occurred  in  reading 
the  ^indications  of  the  spring  balance  with  which  the  coal  was 
weighed ;  or  possibly  the  Lascar  firemen  might  occasionally  have 
shovelled  coal  direct  from  the  bunkers  without  its  having  been 
weighed.  A  comparison  of  the  results  of  the  "  Meteor  "  and  "  Tartar  " 
trials  showed  that,  while  the  engines  were  similar  in  size  and  the 
boiler  pressure  about  the  same,  the  "  Tartar "  was  working  under 
load  conditions  extremely  unfavourable  to  economy.  The  coal 
consumption  per  square  foot  of  grate  per  hour  was  11  '93  lbs.  in  the 
"  Tartar  "  as  against  19  •  25  lbs.  in  the  "Meteor"  (Table  18).  But 
in  spite  of  this  the  coal  burnt  per  indicated  horse-power  per  hour 
wasl"77  1b.  in  the  "Tartar"  as  compared  with  2*01  lbs.  in  the 
"  Meteor,"  while  the  apparent  water  consumption  per  indicated 
horse-power  per  hour  (Table  29)  was  about  25  j)er  cent,  higher  in 
the  "  Tartar  "  than  in  the  "  Meteor." 

Mr.  Frebebick  Edwards  wished  to  thank  the  author  for  the 
great  trouble  he  had  taken,  and  the  great  amount  of  work  he  had 
done  in  j)reparing  the  present  paper  ;  and  also  to  point  out  the  great 
importance  of  the  work  that  had  been  done  by  the  Committee.  If 
engineers  would  take  these  results  to  heart,  and  do  their  best  to 
improve  their  engines,  thousands  of  tons  of  coal  would  be  saved. 

With  regard  to  the  "  Fusi  Yama "  trial,  as  he  had  mentioned 
once  before  (Proceedings  1890,  page  257),  the  run  during  which  it 
took   place   (page  35)   was   not   an   ordinary  voyage,  but  was  her 


Feb.  1894.  MAEINE-ENGINE    TRIALS.  115 

first  voyage  under  his  supervision,  and  just  after  slie  had  been 
overliauled.  The  pistons  had  been  fitted  with  new  spring  rings, 
but  the  cylinders  had  not  been  newly  bored  out;  the  consequence 
was  there  was  considerable  leakage  past  the  pistons.  In  this 
connection  it  might  be  of  interest  to  mention  how  he  tested  the 
steam-tightness  of  the  pistons  in  steamers  under  his  charge.  As 
soon  as  the  steamer  came  in,  the  top  covers  of  the  cylinders  were 
lifted,  and  the  tops  of  the  cylinders  were  filled  with  hot  water ;  the 
bottom  cover  of  the  large  cylinder  was  also  removed,  and  the  pistons 
being  then  moved  slowly  up  and  down  in  the  cylinders,  any  leakage 
past  them  was  seen  running  out  below.  This  was  collected  and 
measured,  and  a  record  was  thus  obtained  of  how  much  the  piston 
leaked  in  a  given  time.  The  plan  was  found  to  save  a  good  deal 
of  trouble,  and  had  often  proved  that  a  piston  leaked  badly  in 
particular  positions,  although  its  appearance  and  general  condition 
gave  the  impression  that  it  was  in  good  order  and  steam-tight.  The 
indicator  diagrams  did  not  afford  the  means  of  discriminating 
accurately  between  leakage  at  the  valves  and  leakage  at  the  pistons  ; 
and  the  best  way  of  ascertaining  the  latter  he  considered  was  by 
means  of  water,  according  to  the  method  just  described. 

With  regard  to  the  supposed  priming  in  the  "  Tartar,"  he  could 
not  think  that  the  boilers  were  priming  as  mentioned  in  the  report. 
As  he  had  said  before  (1890,  page  259),  these  boilers  had  more  steam 
space  in  proportion  than  any  of  the  other  boilers  under  his  care.  As 
a  rule  they  were  always  worked  with  the  main  feed-pumps,  with 
which,  except  during  the  trial,  there  had  never  been  any  trouble  ; 
and  the  trial  had  been  started  with  the  main  feed-pumjis  pumj^uig 
water  into  the  boilers.  When  it  was  found  however  that  the  feed- 
pumps were  not  feeding  as  regularly  as  could  be  wished,  recourse 
was  had  to  the  donkey,  which  was  used  as  a  stand-by  for  pumping 
water  into  the  boilers.  He  had  since  asked  the  chief  engineer 
whether  it  was  possible  for  any  of  the  water  to  have  been  going 
overboard ;  and  he  had  understood  from  him  that  there  might  have 
been  a  slight  leak  in  some  of  the  donkey  connections,  and  that 
possibly  some  of  the  water  might  have  been  going  in  the  wrong 
direction. 

K  2 
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As  to  the  consumption  of  coal  in  the  "Tartar"  (page  114),  the 
firemen  he  thought  would  not  have  had  any  inclination  at  all  to  use 
unweighed  coal  out  of  the  bunkers.  As  he  believed  the  author  had 
gone  through  the  log  sheets  carefully,  he  would  doubtless  be  able  to 
state  whether  he  had  found  any  variation  between  the  two  stoke^holds 
in  regard  to  rate  of  coal  consumption,  on  comparing  one  stoke-hold 
with  the  other  at  the  opposite  end  of  the  boilers  :  because  of  course 
the  log  sheets  would  not  be  likely  to  show  the  same  rate  of 
consumption  in  both  equally,  if  unmeasured  coal  had  been  used  in 
either  or  in  both. 

Professor  Beare  said  as  far  as  he  could  make  out  from  the  log 
sheets  and  from  plotting  the  consumption  of  coal  there  had  not  been 
much  variation  between  the  two  stoke-holds.  In  the  latter  part  of 
the  trial  there  had  been  rather  more  coal  burnt  in  the  after  stoke- 
hold ;  but  it  had  been  a  gradual  and  uniform  increase,  and  did  not  in 
the  least  suggest  possible  errors  of  measurement.  The  rates  of  coal 
consumption  appeared  to  have  been  fairly  uniform  in  all  the  boilers. 

Mr.  Edwards  felt  satisfied  that  the  records  of  the  coal 
consumption  were  correct. 

As  some  of  the  faults  brought  to  light  by  the  aid  of  the  theta-phi 
diagram  had  been  pointed  out  by  Capt.  Sankey  (page  89),  it 
would  be  highly  interesting  if  he  would  kindly  show  further  how  the 
engines  were  to  be  put  right  in  those  particulars. 

The  temperatures  of  the  cii'culating  water  at  the  inlet  and  the 
outlet,  which  were  mentioned  in  page  69  as  having  been  taken  only 
in  the  "  Zona "  and  the  "  Ville  de  Douvres,"  were  measured  also  in 
the  "  Tartar."  They  were  55°  at  the  inlet  and  89°  at  the  outlet, 
showing  a  rise  of  34°. 

With  regard  to  the  back-pressure  in  the  low-pressure  cylinder, 
he  had  taken  a  great  deal  of  trouble  to  get  it  lower  in  his  steamers 
than  even  in  the  "  lona,"  and  he  was  glad  to  say  his  endeavours  had 
now  been  rewarded.  Some  engineers  with  whom  he  had  discussed 
the  question  of  back-pressure  seemed  not  to  appreciate  the  importance 
of  a  good  vacuum,  but  rather  to  think  it  was  better  to  work  with  a 
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little  less  vacuum  and  have  the  feed-water  hotter.     Having  gone 
carefully   into   this   matter     he  had  found   that,   taking   a   triple- 
expansion  engine  with  74-inch  low-pressure  piston  and  54  inches 
stroke,  and  supposing  the  engine  to  be  working  at  55  revolutions  per 
minute  with  about  3  inches  of  mercury  or  about  1^  lb.  per  square 
inch    more    back-pressure    than    was    necessary,    this    would     be 
equivalent  to  a  loss  of  about  96  horse-power.     The  practical  question 
therefore  was,  what  did  it  cost  to  save  this  96  horse-power.     The 
steam  consimij)tion  was  14  lbs.  per  I.H.P.  per  hour,  and  each  pound 
weight  of  steam  took  up  1,122  thermal  units.     Allowing  35°  for  the 
loss  in  temperature  of  the  feed-water,  the   thermal  units  required 
per  I.H.P.  per  hour  for  the  96  horse-power  would  be  about  8,166: 
whereas  the  bulk  of  the  power,  or  say  1,600  horse-power,  cost  15,708 
thermal  units  per  I.H.P.  per  hour.     In  other  words  the  extra  power 
obtained  by  working  with  a  3-inch  better  vacuum  in  the  condenser 
cost  a  little  more  than  half  what  the  original  power  cost  per  I.H.P. 
If  however  the  difference  between  the  back-pressure  in  the  cylinder 
and  the   absolute  pressure  in   the   condenser  were  reduced  to   the 
same   extent,  it  cost  practically  nothing  to  save  the  same  amount 
of  power,  because  the  temperature  of  the  feed-water  was  not  reduced 
This  difference  he  had  frequently  found  to  amount  to  2  or  3  lbs.  per 
square  inch,  apart  from  the  absolute  pressure  in  the  condenser.     In 
some  cases  indicator  diagrams  had  been  sent  him  showing  as  much  as 
7   lbs.  back-pressure  in   the    low-pressure   cylinder,   owing   to   the 
importance  of  reducing  it  not  having  been  imderstood.     According  to 
his    own    experience    the    vacuum    gauges    in    ordinary    use    were 
untrustworthy  for  accurate  work ;   and  he  had  found  it  necessary 
to   put  indicators   upon   the    condensers    in    order    to    check    the 
gauges.     Nine   months   ago   he  had   sent  a  ship  away  which   had 
now  just  come   back.     She  had  been  furnished  with   two  vacuum 
gauges   of  the   ordinary   kind,    the   best    he   could   get,   which  he 
had  had  specially  tested  beforehand  ;  but  during  the  whole  of  the 
voyage  the  chief  engineer  reported  that  they  had  differed  by  about  one 
inch  of  mercury  or  ^  lb.  per  square  inch.     It  was  of  course  highly 
important  to  be  able  to  know  what  the  vacuum  really  was,  otherwise 
it  could  not  be  ascertained  whether  the  back-pressure  arose  between 
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the  cylinder  and  the  condenser,  or  whether  it  was  absolute  pressure 
in  the  condenser ;  and  he  was  now  fitting  mercurial  gauges  on  the 
condensers,  so  as  to  find  out  the  absolute  back-pressure  that  there 
was  in  them. 

Professor  David  S.  Capper,  referring  to  the  suggestion  just  made 
by  Mr,  Edwards  that  some  of  the  difierence  between  the  back- 
pressure in  the  low-pressure  cylinder  and  the  pressure  in  the  condenser 
might  be  due  to  errors  in  the  vacuum  gauges,  had  no  doubt  this  was 
the  case,  though  an  equally  possible  source  of  error  might  be 
incorrect  indicator-readings.  Having  tested  many  indicators  he  had 
almost  invariably  found  backlash  present  in  the  pencil  levers. 
Errors  due  to  this  cause  seemed  to  be  more  marked  at  high  than  at 
low  pressures ;  but  he  had  frequently  found  backlash  sufficient  to 
account  for  variations  of  at  least  one  pound  per  square  inch  at 
atmospheric  pressure.  These  indicators  were  tested  under  steam 
upon  a  mercury  column  specially  designed  for  the  purpose  in  the 
engineering  laboratory  at  King's  College.  It  was  worthy  of  remark 
that  the  kind  of  indicator  which  he  had  hitherto  found  as  free  from 
this  defect  as  any  that  he  had  tested  was  that  used  in  the  "  Meteor  " 
trial,  where  the  variation  between  low-pressure  cylinder  and 
condenser  was  least. 

One  other  point,  to  which  attention  had  not  been  specially  drawn, 
was  shown  with  remarkable  clearness  by  these  trials :  namely  the 
influence  of  jacketing  upon  the  dryness  of  steam,  especially  with 
reference  to  slow  piston-speeds  and  high  ratios  of  expansion.  Of 
the  three  sets  of  trij)le-expansion  engines  mentioned  in  the  paper, 
two  had  the  intermediate  and  low-pressure  cylinders  jacketed,  and 
one,  the  "  Zona's,"  had  neither  jacketed.  In  the  former  the  dryness 
fraction  remained  fairly  constant,  in  the  "  Meteor  "  slightly  dropping 
between  the  intermediate  and  low-pressure  cylinders,  and  in  the 
"  Tartar  "  somewhat  increasing  in  value.  But  in  the  "  lona  "  there 
was  a  marked  drop  in  the  percentage  of  steam  present,  namely 
from  75  per  cent,  before  release  in  the  intermediate  cylinder 
down  to  only  59  per  cent,  before  release  in  the  low-pressure 
cylinder  (Table  32).     Comparing   this   result  with  the  three  two- 


I 


Feb.  1894.  MARINE-ENGINE    TRIALS.  119 

cylinder  compounds,  all  non-jacketed,  tliere  was  the  same  large 
condensation  shown  in  the  low-pressure  cylinder  in  two  out  of 
the  three.  In  the  third,  namely  the  "  Ville  de  Douvres,"  a  marked 
difference  was  noticeable,  for  the  droj)  between  the  end  of  the  high- 
pressure  stroke  and  the  end  of  the  low-pressure  stroke  was  only 
from  79J  down  to  72J-  per  cent,  of  steam  present.  The  explanation 
of  this  variation  would  appear  if  comparison  were  made  between  the 
several  piston-speeds  (Table  25),  areas  of  cooling  surface  per  pound 
of  entering  steam  per  stroke  (Table  33),  and  ratios  of  expansion 
(page  68).  In  the  "  lona,"  with  a  piston  speed  of  397  feet  per  minute 
and  a  large  area  of  cooling  surface  per  pound  of  entering  steam 
per  stroke,  namely  24-32  square  feet  up  to  cut-off  in  the  high- 
pressure  cylinder,  there  was  a  ratio  of  expansion  of  19  times  with 
steam  pressure  of  180  lbs.  absolute.  Whereas  in  the  "  Ville  de 
Douvres  "  the  higher  piston-speed  of  442  feet  per  minute  was  united 
with  the  lower  cooling  area  of  9*42  square  feet  per  pound  of  entering 
steam  up  to  cut-off  in  the  high-pressure  cylinder,  and  the  much  lower 
expansion  of  only  5*7  times  with  120  lbs.  steam  pressure.  These 
trials  therefore  again  emphasized  the  fact  that  the  most  important 
cylinder  to  jacket  was  the  low-pressure  cylinder,  especially  in  triple 
compound  engines  with  high  ratios  of  expansion  and  slow  piston- 
speeds.  As  would  of  course  be  expected,  jackets  were  of  less 
importance  with  high  speeds  and  low  ratios  of  expansion. 

Mr.  William  Schonheyder,  having  had  some  experience  both  in 
the  manufacture  and  in  the  use  of  water  meters,  had  found  no 
difficulty  in  getting  accurate  results  with  them ;  a  number  of  his 
own  were  now  in  use  for  feeding  boilers  and  for  other  purposes,  both 
with  hot  and  with  cold  water.  Through  the  late  Mr.  Seunett,  as 
already  mentioned  (page  103),  a  meter  had  some  years  ago  been 
placed  by  the  Admiralty  on  board  the  "  Medusa " ;  and  since  then, 
after  careful  and  prolonged  tests,  the  Admiralty  had  adopted  several 
of  his  own  meters  both  for  cold  water  and  for  hot,  and  he  believed 
they  had  been  used  on  board  ship  with  entire  success.  But  as  to 
measuring  the  circulating  water  from  the  surface  condensers,  he  did 
not  see  any  possibility  of  doing  so  by  means  of  a  water  meter ;  the 
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volume  was  of  course  far  too  big  to  be  measured  by  an  ordinary 
meter.  But  it  migbt  be  measured  lie  thought  by  a  method  similar  to 
that  adopted  on  land  for  measuring  large  volumes,  namely  by  a  weir  : 
not  an  open  weir,  but  a  closed  weir,  that  is,  a  hole  in  the  side  of  a 
tank  specially  provided.  The  water  from  the  circulating  pump  after 
passing  through  the  condenser  would  be  discharged  into  the  tank, 
which  should  be  closed  at  the  top ;  and  care  should  be  taken  that  air 
was  admitted  into  the  upper  part,  while  the  lower  part  should  have 
a  hole  in  a  gauge-plate  in  the  side  of  the  tank.  The  pressure  might 
be  taken  by  some  kind  of  continuous  indicator  placed  alongside  the 
hole.  In  this  way  accurate  results  might  be  obtained,  although  he 
was  not  sure  that  any  great  gain  would  result  from  the  measurement. 
Space  on  board  ship  was  so  cramped  that  in  many  cases  it  might  be 
difficult  to  adopt  such  a  plan;  but  in  some  instances  it  might  be 
adopted  if  found  desirable. 

Mr.  W.  G.  Walkee  thought  it  would  be  difficult  to  say  which 
was  the  most  efficient  steamer  in  these  six  trials,  because  the  total 
efficiency  was  made  up  of  so  many  factors,  all  of  which  would  have  to 
be  taken  into  consideration.  There  were  the  thermal  efficiencies  of 
the  boilers  and  of  the  engines,  the  mechanical  efficiency  of  the 
engines,  and  the  efficiency  of  the  screw  propellers,  besides  many 
others.  In  thermal  efficiency  Table  29  certainly  showed  that 
the  triple  engines  headed  the  list,  the  "  lona "  having  the  high 
efficiency  of  17  •  1  per  cent. ;  but  to  take  this  one  single  efficiency  or 
any  other  single  factor  as  an  indication  of  the  ultimate  efficiency  of 
the  vessel  would  be  misleading.  Another  way  was  to  compare  the 
indicated  horse-power  per  ton  of  machinery,  as  in  Table  34,  where  it 
was  seen  that  the  "  lona "  came  out  last  with  only  3  •  2  indicated 
horse-power  per  ton ;  this  comparison  was  good  so  long  as  the  piston 
speeds  were  equal,  but  when  they  varied  it  was  useless.  A  better 
method  he  thought  would  be  to  compare  the  "  indicated  thrust "  in  lbs. 
per  ton  of  machinery — using  the  term  "  indicated  thrust,"  introduced 
by  the  late  Mr.  Froude  (Institution  of  Naval  Architects,  1876, 
vol.  xvii,  pages  168-9),  to  denote  what  would  be  the  thrust  of  the 
propeller   if  the   indicated  horse-power  were   employed  wholly  in 
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creating  thrust :  so  that  indicated  thrust  =  indicated  horse-power  x 
33,000  -|-  (pitch  of  screw  propeller  x  revolutions  per  minute). 
Having  calculated  the  indicated  thrust  by  this  formula  for  each  of  the 
six  steamers  tried,  he  had  found  that  the  "  Fusi  Yama  "  stood  first, 
with  an  indicated  thrust  of  135  lbs.  per  ton  of  machinery  ;  next  came 
the  «  Ville  de  Douvres  "  127  lbs.,  the  "  lona  "119  lbs.,  the  "  Meteor  " 
102  lbs.,  the  "  Tartar "  98  lbs.,  and  the  "  Colchester "  with  94  lbs. 
thrust  per  ton  of  machinery.  It  was  of  interest  to  notice  that  in 
this  mode  of  measurement  the  indicated  thrust  per  ton  of  machinery 
became  reduced  with  an  increase  in  the  number  of  cylinders.  Last 
summer  he  had  carried  out  some  experiments  with  an  engine  of 
rather  large  size,  having  a  single  cylinder  5G  inches  diameter  with 
72  inches  stroke,  in  the  "  Eavenswood,"  a  paddle-wheel  passenger 
steamer  used  on  the  Bristol  Channel  service.  She  was  220  feet  in 
length,  with  a  disj)lacement  of  about  420  tons,  and  was  fitted  with 
two  haystack  boilers  working  at  60  lbs.  pressure.  Her  speed  was 
17  knots,  with  1,600  indicated  horse-power.  The  thi-ust  he  had 
calculated  to  be  158  lbs.  per  ton  of  machinery,  which  was  higher 
than  any  of  those  he  had  just  given.  It  certainly  seemed  to  show- 
that,  if  the  number  of  cylinders  or  the  number  of  expansions  were 
increased,  the  performance  fell  off;  and  that  in  considering  the 
number  of  expansions  it  was  also  necessary  to  bear  in  mind  what 
was  lost  by  increased  weight  of  machinery.  The  eifect  of  back- 
pressure had  been  strongly  brought  under  his  notice  in  the 
"  Eavenswood,"  where  he  had  found  that  there  was  a  difference  in 
back-pressure  of  5^  lbs.  per  square  inch  between  the  cylinder  and 
the  condenser.  On  tracing  it  by  taking  indicator  diagrams  at  various 
points  from  the  cylinder  to  the  condenser,  he  had  found  that  nearly 
the  whole  falling  off  occurred  in  the  valves  ;  the  loss  between  the 
exhaust  pipe  and  the  condenser  was  very  small  compared  with  that 
between  the  cylinder  and  the  exhaust  pipe :  there  was  a  difference  of 
about  4  lbs.  between  the  back-pressure  in  the  cylinder  and  the 
pressure  in  the  exhaust  pipe.  In  one  or  two  other  steamers  with 
similar  single-cylinder  engines  his  experience  had  been  the  same, 
that  the  back-pressure  always  appeared  to  occur  between  the  cylinder 
and  the  exhaust  pipe.     If  the  back-pressure  was  reduced,  he  agreed 
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witii  Capt.  Sankey  (page  91)  that  it  was  not  all  gain,  although  on 
the  whole  there  was  a  gain  of  power.  From  Table  28  and  page  59 
of  the  paper  it  looked  as  though  a  reduction  of  the  back-pressure 
was  regarded  as  all  gain  ;  but  in  the  "  Ravenswood  "  he  had  found 
clearly  that  it  was  not  all  gain,  because  the  conditions  in  the  cylinder 
were  so  completely  altered.  On  reducing  the  back-pressure  by 
1^  lb.  per  square  inch,  which  he  had  done  by  increasing  the  ports, 
he  had  found  that  the  steam  pressure  above  the  atmospheric  line  was 
slightly  reduced,  although  there  was  a  considerable  gain  in  power : 
the  horse-power  was  increased  by  about  150,  with  corresponding 
increase  of  speed. 

Mr.  Leslie  S.  Eobinson  wished  the  Committee  could  yet  extend 
their  labours  by  conducting  a  series  of  progressive  trials  in  regard 
to  power,  like  those  conducted  in  the  navy  with  regard  to  speed. 
The  engines  dealt  with  in  some  of  the  six  trials  had  been  working 
pretty  nearly  uj)  to  the  full  power  they  were  designed  to  work  at. 
The  engines  in  the  navy  seldom  did  so,  and  under  ordinary 
circumstances  would  be  running  perhaps  at  a  fifth  to  a  tenth  of  their 
full  power.  It  would  be  a  great  help  to  those  who  had  to  do  with 
designing  marine  engines  for  economical  working  if  the  Committee 
could  with  the  aid  of  the  Admiralty  conduct  a  series  of  expeiiments 
progressing  from  a  speed  of  say  ten  knots  up  to  the  maximum  speed 
when  the  engines  were  working  at  their  full  power.  Another  point, 
which  had  not  yet  been  alluded  to  beyond  the  mention  made  of  it  in 
page  36,  was  the  difference  between  the  closed  ash-pits  in  the  "  lona  " 
and  the  closed  stoke-holds  in  the  "  Ville  de  Douvres."  These  two 
plans  of  using  forced  draught  produced  somewhat  different  results, 
as  seen  from  Tables  18  and  21 ;  but  the  boilers  differed  so  greatly 
that  it  was  impossible  for  any  practical  conclusions  to  be  drawn : 
although  certainly  as  the  figures  stood  they  were  in  favour  of  the 
closed  ash-pits  adopted  in  the  "  lona." 

Mr.  Mark  Eobinson;  observed  that  on  board  ship  the  indicated 
horse-power  only  could  be  ascertained ;  it  would  be  of  advantage  to 
marine  engineers  if  attention  could  be  fixed  also  upon  consumption 
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per  effective  horse-power,  as  it  had  to  be  in  the  trials  of  electric-light 
engines.  While  the  "lona,"  profiting  by  her  19  expansions  (page  68), 
might  fully  deserve  her  high  place,  it  was  probable  that  the  "  Meteor," 
for  instance,  with  her  10*6  expansions  and  her  relatively  small 
cylinder  and  piston-ring  friction,  would  have  held  a  better  position 
if  the  steam  used  could  have  been  measured  per  effective  horse- 
power ;  and  the  remaining  difference  would  be  to  some  extent 
balanced  by  a  fair  allowance  to  the  "  Meteor "  for  her  relatively 
lighter  and  cheaper  engines.  There  were  points  to  be  borne  in  mind 
upon  the  other  side,  such  as  the  lighter  and  cheaper  boilers  rec[uired, 
for  an  equal  horse-power,  to  give  steam  to  the  more  economical  but 
heavier  and  costlier  engines  ;  and  in  seeking  for  a  low  consumption 
per  indicated  horse-power  it  might  perhaps  not  be  the  case  that  any 
marine  engineer  had  yet  gone  beyond  the  limit  at  which  there  was 
also  a  gain  per  effective  horse-power.  But  in  land  engines  he 
believed  this  had  been  done  ;  and  the  subject  was  worthy  of  attention, 
for  frictional  loss  in  the  engine  was  one  of  the  factors  that  entered 
into  the  complex  formula  by  which  the  marine-engine  designer  had 
to  be  guided,  and  unhappily  too  little  was  known  about  it.  At  the 
works  of  his  firm  at  Thames  Ditton  they  hoped  soon  to  be  able  to 
test  land  engines  uj)on  the  brake  up  to  at  least  700  horse-power. 
Might  it  be  hoped  that  large  marine  engines  of  various  types  would 
some  day  be  tested  in  the  same  way  ? 

Professor  Beare  desired  to  acknowledge  the  kind  way  in  which 
Mr.  White  (page  75)  had  spoken  about  the  paper ;  and  to  thank  him 
for  supporting  the  suggestion  offered  at  the  end  of  the  paper  that 
shipowners  should  have  systematic  tests  made  of  the  machinery  in 
their  steamers.  He  could  not  quite  concur  in  the  explanation  given 
by  Mr.  Mudd  (page  81)  as  to  the  large  initial  condensation  in  the 
high-pressure  cylinder  of  the  "  lona,"  which  be  had  accounted  for  as 
probably  due  to  the  high-pressure  valve-chest  acting  as  a  jacket  to 
the  intermediate  receiver,  whereby  a  good  deal  of  steam  was 
condensed  in  the  valve-chest,  producing  some  of  the  wetness  observed 
in  the  cylinder.  This  exj)lanation  seemed  to  him  not  fully  to  cover 
the  facts,  because  the   steam-chest  was  drained,  so  that  any  steam 
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condensed  in  it  from  its  jacket  action  would  mostly  have  been  drained 
off,  and  would  probably  not  pass  in  any  considerable  amount  into  the 
cylinder.  Moreover  if  the  steam-chest  had  not  had  the  receiver  on 
the  outside  of  it,  it  would  have  had  the  atmosphere,  and  the 
temperature  of  the  atmosphere  was  lower  than  that  of  the  receiver ; 
therefore  it  would  have  radiated  heat  into  the  atmosphere  just  as  it 
did  into  the  receiver,  with  consequent  condensation.  External 
radiation  of  course  took  place  from  every  valve-chest. 

As  to  the  overlapping  of  the  indicator  diagrams  from  the  high- 
pressure  and  intermediate  cylinders  when  pi  tted  on  a  time  base, 
Mr.  Mudd's  explanation  (pages  79-80)  seemed  to  apply  only  to  the 
particular  case  of  the  "  lona,"  and  not  to  be  a  general  explanation.  In 
regard  to  the  boiler  radiation  (page  82),  he  would  point  out  that, 
although  perhaps  some  of  the  13  per  cent,  loss  put  down  as  unaccounted 
for  could  have  been  accounted  for  by  taking  the  temperature  of  the 
gases  at  a  lower  level,  say  at  the  smoke-box,  yet  it  would  still  have 
remained  a  loss  due  to  radiation,  being  then  due  to  radiation  from 
surfaces  between  the  smoke-box  and  the  higher  level  at  which  the 
temperature  was  actually  measured. 

In  connection  with  the  most  interesting  remarks  made  by  Capt. 
Sankey,  and  the  heat  diagrams  he  had  given  for  three  of  the 
steamers,  he  hoped,  if  it  was  not  asking  too  much,  that  he  would  also 
kindly  prepare  similar  diagrams  for  the  other  three  steamers.  [See 
page  130.]  The  results  so  brought  out  in  regard  to  the  trial  of  the 
"  Tartar "  seemed  to  him  to  confirm  what  he  had  himself  arrived 
at  in  his  later  investigations,  though  Capt.  Sankey's  calculation 
(page  89)  of  from  18  to  25  per  cent,  as  the  amount  of  priming 
seemed  to  go  even  beyond  the  amount  apparently  to  be  accounted  for. 
It  would  be  a  satisfaction  therefore  if  this  percentage  could  be 
re-calculated,  in  order  to  make  sure  that  the  figures  were  right  in 
showing  so  great  an  amount  of  priming.  It  had  been  suggested  by 
Capt.  Sankey  (page  89)  that,  if  the  oscillations  of  the  water  in  the 
boiler  synchronised  with  the  rolling  of  the  ship,  a  violent  disturbance 
might  have  been  produced  at  the  surface  of  the  water  in  the 
"  Tartar  "  boilers  ;  and  therefore  the  explanation  in  page  47  that 
the  priming  was  probably  promoted  by  the  rolling  of  the  ship 
seemed  to  be  not  so  much  out  of  the  way  (page  113). 
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The  saving  of  the  back-pressure  between  the  condenser  and  the 
low-pressure  cylinder  had  also  been  referred  to  by  Capt.  Sankey 
(page  91)  as  not  being  wholly  economical.  Any  reduction  of  back- 
pressure meant  of  course  increased  range  of  temperature  in  the 
cylinder,  and  therefore  probably  greater  initial  condensation,  reducing 
the  apparent  saving  shown  in  Table  28.  Whether  this  difference 
of  pressure  between  the  cylinder  and  the  condenser  was  always 
a  real  fact,  or  whether  it  was  partly  or  wholly  due  to  gauge  or 
indicator  errors,  as  suggested  by  Mr.  Edwards  (page  117)  and 
Professor  Capi)er  (page  118),  he  was  not  certain.  The  calculations 
made  by  Mr.  Edwards  (page  117)  were  highly  interesting,  as 
showing  the  benefit  of  a  good  vacuum  with  cooler  feed-water  in 
comparison  with  a  bad  vacuum  and  hotter  feed- water.  How  the  latter 
could  be  the  more  economical  he  failed  to  see,  notwithstanding  that 
there  was  of  course  an  advantage  in  the  feed-water  going  hotter  into 
the  boiler,  not  merely  for  economy's  sake,  but  also  for  the  better 
working  of  the  boiler. 

In  the  heat  balance-sheet  given  in  Table  18,  the  balance 
unaccounted  for  was  put  down  as  mainly  due  to  radiation  (page 
95).  It  was  this  which  gave  the  appearance  of  such  a  large 
amount  of  radiation  per  square  foot  of  cooling  surface  of  the  boiler, 
as  seen  in  Table  24,  which  was  referred  to  by  Mr.  Halpin  (page  104). 
In  this  particular  however  he  did  not  in  the  least  pretend  that 
Table  24  was  absolutely  accurate.  As  some  sort  of  check,  the 
figures  in  Table  24  had  been  calculated  on  the  supposition  that  the 
area  of  radiating  surface  was  just  that  of  the  shell  of  a  plain 
cylindrical  boiler  with  the  addition  of  its  two  ends.  There  was 
however  a  large  amount  of  additional  radiating  surface  besides, 
inasmuch  as  in  every  trial  the  funnel  temperatures  were  taken  at 
some  height  above  the  boilers,  and  in  one  or  two  of  the  trials  at  a 
pretty  considerable  height  above ;  and  from  all  this  additional 
surface,  having  on  one  side  of  it  the  highly  heated  gases  from  the 
furnaces,  the  loss  by  radiation  would  be  much  greater  than  from  the 
boiler  shell  itself.  The  estimate  in  Table  24  therefore,  including  no 
more  than  the  boiler  shell,  was  intended  only  as  an  approximation ; 
and   his   idea  in  framing  it  was   that  the  figures  should  be  taken 
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not  as  absolute  but  as  comparative,  as  a  test  whether  the  beat 
balance-sbeet  in  Table  18  might  be  regarded  as  fairly  accurate 
in  other  respects,  apart  from  the  loss  by  radiation.  In  some 
exj)eriments  of  his  own  on  the  radiation  fi-om  the  surface  of  a  boiler 
•well  clothed  with  non-conducting  composition,  he  had  found  the  loss 
from  the  shell  and  ends  only  to  be  about  350  thermal  units  per 
square  foot  per  hour  ;  in  the  same  boiler  uncovered  it  was  750. 
These  were  losses  in  a  closed  boiler-room  absolutely  free  from 
currents  of  air,  with  a  steam  pressure  of  about  100  lbs.,  and  an  air 
temj)erature  of  about  lOO''  Fahr.  in  the  case  in  which  the  boiler  was 
uncovered,  and  80°  in  the  other. 

The  pressure  in  the  valve-chest  of  the  "  lona  "  he  believed  had 
not  been  taken  with  an  indicator  (page  99)  ;  it  had  been  taken  with 
gauges,  and  the  gauges  had  been  checked.  No  calculation  had  been 
made  as  to  the  velocity  of  the  steam  in  the  pipes  in  any  of  the 
trials.  So  long  as  it  was  certain  that  there  would  be  a  loss 
of  steam  pressure  (page  101)  between  the  boiler  and  the  engine,  as 
had  been  the  case  under  the  conditions  of  trial  in  the  "lona,"  a 
boiler  carrying  180  lbs.  absolute  pressure  was  of  course  necessary, 
in  order  to  obtain  the  required  pressure  in  the  engine.  What 
he  had  meant  to  convey  by  the  remark  in  page  61  of  the  paper  was 
that  it  seemed  to  him  feasible  for  engineers  in  some  way  or  other  to 
alter  the  design  of  their  engines,  either  in  the  stop  valves  or  in  the 
steam  pipes  or  in  the  valve-chests  and  cylinder  ports,  so  that  such  a 
great  loss  of  pressure  might  be  saved.  The  same  j)oint  had  been 
referred  to  by  Mr.  Phillips  in  connection  with  the  linking  up 
of  the  engines  when  not  working  at  their  full  jDower  (page  111)  ; 
but  though  he  could  not  pretend  to  go  behind  what  the  maker 
of  the  engines  found  most  suitable  for  their  working,  he  failed 
to  see  how  it  could  be  economical  to  generate  steam  at  a  high 
pressui'e  in  the  boiler,  and  then  to  use  it  in  the  cylinder  at  a 
considerably  lower  pressure.  The  only  advantage  he  could  concede 
was  that  mentioned  in  page  61 :  that  the  wire-drawing  of  the  steam 
produced  superheating,  whereby  initial  condensation  might  to  a 
certain  extent  be  prevented.  It  was  a  point  however  which  he 
thought  deserved  some  consideration  on  the  part  of  the  designers  of 
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mairne  engines  ;  and  he  was  glad  that  his  views  had  been  supported 
by  Mr.  Cochrane  (page  101)  and  Mr.  Halpin  (page  103). 

Attention  had  been  called  by  Mr.  McGregor  (page  106)  to  the 
remarkable  disparity  between  the  "  lona "  and  the  "  Ville  de 
Douvres  "  in  many  of  their  conditions,  and  yet  their  closely  similar 
boiler  efficiency.  It  must  be  remembered  that  the  "  Zona "  was 
designed  for  long  voyages,  and  the  "  Ville  de  Douvres  "  for  only  short 
voyages  of  a  few  hours  ;  and  he  thought  it  was  questionable  whether, 
if  the  boilers  of  a  steamer  such  as  the  "  Ville  de  Douvi-es  "  were  to  be 
driven  for  weeks  together  at  the  rate  at  which  they  were  actually 
driven  in  one  of  her  short  voyages,  their  economy  would  be  anything 
like  what  it  was  during  her  short  passages  across  the  channel.  In 
judging  the  performance  of  each  steamer  it  was  always  necessary  to 
bear  in  mind  the  particular  service  for  which  she  was  designed. 

In  the  analyses  of  the  funnel  gases,  referred  to  by  Mr.  McGregor 
(page  107),  no  corrections  were  necessary  to  allow  for  the  oxygen 
used  in  the  combustion  of  the  hydrogen  in  the  fuel,  because 
the  analyses,  as  given  in  Table  22,  were  for  the  dry  funnel  gases. 
But  the  weight  of  dry  air  per  pound  of  fuel,  both  theoretical  and 
actual,  was  also  stated ;  and  in  this  the  oxygen  requii'ed  to  burn 
the  hydrogen  was  included.  The  analyses  given  of  the  gases  did 
not  profess  to  be  analyses  of  the  whole  contents  of  the  funnels,  but 
only  of  the  dry  gases  which  passed  away  through  them  ;  there  was 
no  practical  way  in  which  the  steam  produced  by  the  combustion  of 
the  hydrogen  in  the  fuel  could  be  collected  along  with  the  diy  gases. 
Its  weight  however  was  easily  calculated,  and  therefore  the  amount 
of  oxygen  used  in  its  production.  As  to  the  great  difference  in  the 
air  supply  to  the  aft  and  forward  boilers  in  the  "  Colchester "  aud 
also  again  to  some  extent  in  the  "  Ville  de  Douvres,"  he  could  not 
offer  any  explanation.  The  fact  was  there,  and  he  had  no  reason 
to  doubt  that  it  was  recorded  correctly. 

It  was  most  important  he  thought  to  have  proved,  as  pointed 
out  by  Mr.  Head  (page  97),  that  forced  draught  gave  as  perfect  a 
combustion  of  the  fuel  as  natural  di-aught  with  the  same  weight  of 
air  per  pound  of  fuel. 
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The  proportion  of  jacketed  surface  to  tlie  total  surface  touched 
by  the  steam  up  to  the  point  of  cut-off  (page  109)  in  the  jacketed 
cylinders  of  the  "  Meteor "  and  the  "  Zona "  had  been  ascertained 
from  the  makers  of  the  engines,  and  was  shown  graphically  in 
Plate  11. 

With  regard  to  the  theta-phi  diagram,  in  addition  to  the  three 
papers  mentioned  by  Mr.  Cowper  (page  110),  a  description  of  it 
would  also  be  found  in  the  second  edition  of  Cotterill's  "  Steam 
Engine"  (pages  223-30),  together  with  an  account  of  how  it  was 
obtained. 

The  possibility  that  the  figures  given  for  the  funnel  gas  analyses 
might  be  vitiated  by  air  leaking  in  had  been  suggested  by 
Mr.  Phillips  (page  112).  Where  the  point  at  which  the  chimney 
temperature  had  been  measured,  and  at  which  the  samples  of  the 
funnel  gases  had  been  collected,  was  high  up  in  the  funnel,  some 
leakage  of  air  must  of  course  have  crept  in  ;  therefore  the  analysis 
of  funnel  gas  collected  at  some  height  above  the  boiler  must  always 
include  a  certain  amount  of  air  leakage.  But  he  imagined  that 
the  quantity  of  air  leaking  in  could  not  be  large  ;  and  the  leakage 
would  tend  in  a  measure  to  correct  itself  in  the  calculations, 
because  it  would  reduce  the  temperature  of  the  escaping  gases. 
No  serious  error  therefore  he  thought  could  have  arisen  from  this 
cause. 

To  himself  it  was  a  peculiarly  interesting  coincidence  that  it 
should  have  fallen  to  his  lot  to  present  the  first  paper  read  to  this 
Institution  during  the  presidency  of  Professor  Kennedy,  when  he 
remembered  that  their  President  had  been  his  teacher  and  his  chief, 
and  that  it  was  to  him  he  owed  whatever  scientific  knowledge  he 
T)ossessed.  It  was  still  more  interesting  to  recall  that  this  j)aper 
was  merely  a  summary  of  the  splendid  series  of  elaborate  trials 
carried  out  by  the  Eesearch  Committee  of  this  Institution  under 
the  chairmanship  of  their  present  President ;  and  Professor  Kennedy 
had  not  merely  directed  and  supervised  the  whole  of  the  arrangements, 
but  had  himself  been  the  very  life  and  soul  of  the  Committee.  In 
espressitig  how  great  a  debt  of  gratitude  he  himself  owed  to  their 
President,  he  felt  sure  he  was  also  expressing  the  feeling   of  the 
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whole  jirofession  that  they  as  engineers  owed  him  a  similar 
deht  for  these  important  trials,  and  for  the  amount  of  labour  and 
energy  he  had  bestowed  upon  them  as  Chairman  of  the  Committee, 
and  for  the  valuable  reports  which  had  been  presented  to  the 
Institution. 

The  Pkesident,  in  thanking  Professor  Beare  for  what  he  had 
just  said,  could  assure  him  that  the  feelings  he  had  expressed  were 
most  cordially  reciprocated  by  himself.  The  work  of  these  marine- 
engine  trials,  with  which  he  had  throughout  been  connected,  had 
been  not  only  a  work  of  great  labour,  but  also  certainly  a  work  of 
love,  on  the  part  of  all  who  had  carried  them  out.  While  nominally 
he  had  himself  been  at  the  head  of  this  research,  he  considered  that 
actually  he  had  been  by  no  means  the  hardest  worker  therein  ;  and 
he  was  glad  to  believe  that  the  work  done  had  turned  out  to  be  of 
great  practical  importance.  When  this  subject  was  first  broached 
by  himself  at  Leeds  (Proceedings  1886,  pages  505-8),  he  well 
remembered  hearing  both  in  public  and  in  private  that  it  was 
impracticable  to  carry  on  any  such  trials  of  marine  engines 
without  interrupting  the  whole  work  of  a  steamer,  and  that 
in  fact  it  was  not  possible  to  measure  the  feed-water  at  all ; 
the  whole  notion  indeed  was  regarded  as  merely  academic.  Many 
members  of  the  Institution  however  did  not  agree  with  that 
view  ;  and  the  result  had  been  the  carrying  out  of  these  trials,  which 
he  hoped  might  be  the  precursors  of  many  others  to  be  conducted 
in  future  by  shipowners  and  engine-builders  themselves.  The 
Committee's  view  had  been  clearly  exju-essed  both  by  Mr.  White 
(page  76)  and  by  Mr.  Phillips  (page  111),  that  any  comparison  of 
the  engines  ought  to  be  made  entirely  in  wliat  might  be  called  a 
scientific  sense,  and  not  as  a  question  between  different  makers,  or  as 
though  in  any  case  one  engine  could  be  pronounced  better  than 
another.  The  matter  was  far  too  complicated  for  any  decision  of 
that  kind  to  be  arrived  at,  and  it  was  not  desirable  that  it  should 
be  attempted.  The  Committee  were  greatly  indebted  to  the 
shipowners  and  engineers  who  had  so  handsomely  placed  their  ships 
and  engines  at  their  disposal.     The  thanks  of  the  Institution  had 


130  MARINE-ENGINE    TRIALS.  Feb.  1894. 

(The  President.) 

already  been  given  to  them,  and  tlie  Members  bad  bad  tbe  pleasure 
on  many  occasions  of  seeing  tbem  present  at  tbeir  meetings,  and 
bearing  wbat  tbey  bad  to  say  about  tbe  trials. 

It  was  now  bis  pleasant  duty  to  propose  tbat  a  bearty  vote  of 
tbanks  be  given  to  Professor  Beare  for  preparing  tbe  paper  wbich 
bad  been  read  and  discussed.  Tbis  resolution  be  was  sure  would  be 
adopted  by  all  tbe  Members  witb  great  cordiality. 


Capt.  H.  EiALL  Sankey,  in  continuation  of  bis  remarks  at  tbe 
meeting  (pages  82-91),  wrote  tbat,  in  connection  witb  tbe 
6  (f>  diagrams  for  tbe  "  Zona,"  Plate  1 6,  exception  bad  been  taken 
by  Mr.  Mudd  (page  92)  to  tbe  conclusion  arrived  at  by  tbe  writer 
(page  88)  tbat  tbere  was  a  leaky  valve  admitting  steam  into 
tbe  top  of  tbe  intermediate  cylinder.  By  means  of  tbe  cyclogram 
diagrams  Mr.  Mudd  bad  bimself  sbown  (page  80)  tbat  beat  was 
added  to  tbe  steam  in  tbe  intermediate  receiver  ;  and  tbe  6  <^  diagrams 
fully  confirmed  tbis  by  tbe  admission  line  of  tbe  intermediate 
cylinder  overlapping  tbe  exbaust  line  of  tbe  bigb-pressure,  as  well 
as  by  tbe  considerable  improvement  in  tbe  dryness  of  tbe  steam. 
Tbe  evidence  bowever  as  to  tbere  being  a  leaky  valve  for  tbe  steam 
admission  at  tbe  top  of  tbe  intermediate  cylinder  was  afforded  by 
tbe  sbape  of  tbe  6  <^  expansion  curve  of  tbis  cylinder  in  Plate  16, 
and  bad  notbing  to  do  witb  tbe  rebeating  of  tbe  steam  in  tbe  receiver. 

In  compliance  witb  Professor  Beare's  request  (page  124),  be  bad 
bad  tbe  mean  indicator  diagrams  of  tbe  "  Colcbester  "  and  of  the 
"  Fusi  Yama  "  transferred  to  tbe  6  (f>  chart,  as  shown  in  Plates  18 
and  19.  Unfortunately  tbe  same  could  not  be  done  for  tbe  "  Meteor," 
because  the  jacket  steam  bad  not  been  separately  measured,  and  it 
was  therefore  not  possible  to  obtain  the  dryness  fraction  in  each 
cylinder  at  some  point  in  the  expansion ;  thus  tbe  position  of  tbe 
initial  point  on  tbe  6  4>  chart  could  not  be  plotted. 

Tbe  6  (f)  diagrams  for  tbe  "  Colcbester,"  Plate  18,  were  on 
the  whole  similar  to  those  for  the  "  Ville  de  Douvres,"  Plate  15. 
Tbe  difference  lay  in    the  expansion  curves  of  the  high-pressure 
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cylinders :  in  tlie  "  Colcliester "  tlie  closeness  of  this  curve  to  the 
condensation-water  heat-recovery  line  showed  that  a  considerable 
quantity  of  heat  had  been  added  to  the  steam  in  this  cylinder  after 
cut-off;  and  as  there  was  no  jacket,  a  leak  past  the  valve  was  a 
possible  explanation.  But  in  this  instance  another  explanation 
might  be  given.  From  the  indicator  diagrams  (1890,  Plates  94 
and  95)  it  would  be  observed  that  the  pressure  during  admission, 
especially  for  the  top  end  of  each  high-pressure  cylinder,  was 
considerably  below  the  boiler  pressure.  This  difference  in  pressure 
would  impart  kinetic  energy  to  the  steam  on  entering  the  cylinder ; 
a  portion  of  this  energy  would  be  re-converted  into  heat,  and  would 
tend  to  superheat  the  steam ;  and  the  rest  would  remain  as  kinetic 
energy  in  the  form  of  eddies ;  and  the  energy  in  these  eddies 
would,  at  any  rate  partly,  reappear  as  heat  during  expansion,  doing 
work  on  the  piston.  The  dryness  fraction  at  cut-off,  namely  at 
about  60  per  cent,  of  the  stroke,  was  seen  to  be  practically  the  same 
in  the  high-pressure  cylinders  of  the  "  Colchester  "  as  in  the  "  Ville 
de  Douvres ; "  but  the  total  range  of  temperature  was  somewhat 
greater  in  the  latter.  As  read  off  the  6  <j>  diagrams  by  means  of  the 
temperature  scale,  the  range  in  the  "  Ville  de  Douvres "  was  from 
334°  down  to  248°,  or  86  degrees ;  and  for  the  "  Colchester "  from 
310°  down  to  234°,  or  76  degrees.  The  range  of  temperature  to  which 
the  admission  surface  was  exposed  was  seen  to  be  less  in  the  "  Ville 
de  Douvres,"  namely  from  334°  down  to  324°  or  10  degrees,  as 
compared  with  310°  down  to  264°  or  46  degrees  in  the  "  Colchester." 
On  these  grounds  therefore  greater  initial  condensation  was  to  be 
expected  in  the  "  Colchester  "  ;  but  the  higher  speed  of  revolution  in 
this  steamer,  namely  86 '5  revs,  per  minute  as  against  36*8  in 
the  "  Ville  de  Douvres,"  was  probably  the  principal  cause  of  the 
condensation  being  about  the  same  in  both.  The  superheating 
already  mentioned  no  doubt  contributed  also  to  this  result.  The 
loss  in  the  high-pressure  cylinder  due  to  incomplete  expansion  was 
as  noticeable  in  the  "  Colchester  "  as  in  the  "  Ville  de  Douvres " ; 
a  portion  however  of  this  loss  was  recovered  in  the  low-pressure 
cylinders  of  both  steamers,  as  was  clearly  shown  in  the  6  ^  diagrams 
by  the  marked  improvement  in  the  dryness  fraction  at  cut-off  in  the 
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low-j)ressure  cylinders  of  both  engines :  an  improvement  due  to 
the  kinetic  energy  imparted  to  the  steam  at  release  from  the 
high-pressure  cylinder,  which  formed  eddies  and  reappeared  partially 
as  heat  in  the  low-pressure  cylinder. 

The  6  (fi  diagrams  for  the  "Fusi  Yama,"  Plate  19,  were 
in  marked  contrast  with  those  for  the  "  Colchester "  and  the 
"  Ville  de  Douvres."  The  dryness  fraction  at  cut-off  in  the  high- 
pressure  cylinder  was  remarkably  high,  namely  89  •  5  per  cent.,  and 
considerably  higher  than  could  have  been  expected  even  with  the 
smaller  range  of  temperature,  namely  from  298^°  down  to  235° 
or  63^  degrees,  especially  as  this  cylinder  was  not  jacketed.  The 
most  striking  point  of  difference  however  was  the  considerable 
falling  off  in  the  dryness  of  the  steam  in  the  low-pressure  cylinder, 
instead  of  the  improvement  in  the  "  Colchester  "  and  the  "  Ville  de 
Douvres."  It  would  also  be  observed  that  there  was  a  great 
difference  of  pressure  between  the  exhaust  of  the  high-pressure 
cylinder  and  the  admission  of  the  low-pressure.  This,  together  with 
the  reduction  in  the  dryness  fraction,  suggested  a  leak  from  the 
valve-chest  of  the  low-pressure  cylinder  into  the  exhaust ;  and  an 
examination  of  the  sectional  plan  (1890,  Plate  105)  showed  that  such 
a  leak  was  quite  possible. 

In  order  to  check  the  accuracy  with  which  the  indicator  diagrams 
had  been  transferred  to  the  0  cf)  chart,  the  heat  iinits  turned  into 
work  by  each  engine  had  been  calculated  from  the  0  4>  diagrams  as 
follows.  The  area  of  each  6  (f)  diagram  having  been  ascertained  by 
the  planimeter,  the  corresponding  heat  units  could  at  once  be  obtained, 
the  number  of  thermal  units  represented  by  one  square  inch  of  the 
chart  being  knoAvn  ;  and  these  heat  units  were  marked  against  each 
of  the  0  (f>  diagrams  given  in  Plates  15  to  19.  The  volume-factor 
was  also  marked  for  each  diagram.  By  multiplying  these  heat 
units  by  the  corresponding  volume-factor,  the  heat  units  accounted 
for  per  stroke  in  each  cylinder  were  obtained,  and  were  given  in 
line  3  of  the  accompanying  Table  36.  A  glance  at  lines  4  to  7 
of  the  table  would  show  how  thence  to  obtain  the  heat  units  turned 
into  work  per  minute  by  each  engine  ;  and  line  8  gave  for  comparison 
the  corresponding  figure  taken  from  Table  29  (page  60)  ;  it  would 
be  seen  that  the  agreement  was  as  close  as  could  be  expected. 
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He  hoped  he  had  succeeded  in  showing  that,  by  this  method  of 
transferring  the  indicator  diagrams  of  any  engine  to  the  6  cf>  chart, 
valuable  information  as  to  the  behaviour  of  the  steam  might  be 
obtained.  Moreover  the  various  losses  might  be  traced  to  the  places 
of  their  occurrence,  and  their  magnitude  exhibited  ;  then  by  reference 
to  the  design  or  construction  of  the  engine  the  cause  of  these  losses 
might  be  ascertained.  Besides  the  few  points  to  which  he  had  called 
attention  in  relation  to  the  expansion  curves  and  the  release,  many 
other  questions  of  interest  arose  in  connection  with  the  admission, 
exhaust,  and  compression  lines.  For  the  calculations  required  in 
transferring  the  indicator  diagrams  to  the  6  <f>  chart  he  was 
indebted  to  his  assistant,  Mr.  H.  O.  Beckh. 

Mr.  W.  R.  CuMircss  wrote  that,  in  summarizing  the  results  of 
the  six  trials  carried  out  by  the  Institution,  Professor  Beare  had 
separated  the  efficiency  of  the  boilers  from  that  of  the  engines. 
Since  the  amount  of  j)riming  was  measured  in  only  the  one  instance 
of  the  "  Yille  de  Douvres,"  and  this  measurement  was  made  by 
means  of  the  salt  test,  about  the  accuracy  of  which  doubts  have  been 
raised,  the  absolute  accuracy  of  the  boiler  efficiency  cannot  be  relied 
upon.  The  possible  error  in  the  efficiency  is  measured  by  the 
possible  amount  of  priming  ;  and  as  this  may  amount  to  as  much  as 
20  per  cent,  of  the  total  feed,  and  may  not  be  suspected  at  the  trial, 
the  heat  balance-sheet  should  be  taken  with  a  certain  amount  of 
reserve.  For  instance,  the  amount  debited  to  radiation  is  dependent 
for  its  accuracy  upon  the  assumption  that  the  whole  of  the  feed-water 
was  turned  into  steam.  By  separating  the  efficiency  of  the  boilers 
and  engines,  and  neglecting  possible  priming,  the  boiler  efficiency 
may  be  exalted  at  the  expense  of  the  engine  efficiency.  One  of  the 
most  significant  results  obtained  from  these  trials  is  contained  in 
Table  18  in  the  L'ne  showing  the  carbon-value  of  the  fuel  per 
indicated  horse-power  j)er  hour  :  though  this  does  not  separate  the 
efficiency  of  the  boilers  from  that  of  the  engines.  On  re-arranging 
these  carbon-values  in  connection  with  the  boiler  pressiu'e  and  the 
ratio  of  expansion,  as  in  the  accompanying  Table  37,  it  is  seen  at  a 
glance  how   the   efficiency   runs   up    with    increased   pressure    and 
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TABLE  37. — Boiler  Pressure,  Expansion,  and  Carhon-value  of  fuel. 


Steamer. 

Boiler  Pressure 
absolute. 

Expansion. 
Number  of  times. 

Carbon-value 
per  I.H.P.  per  hour. 

Lbs.  per  sq.  iuch. 

Lbs. 

lona 

179-58 

19-0 

1-49 

Meteor 

160-10 

10-6 

1-76 

Tartar 

158-20 

15-7 

1-82 

Ville  de  Douvres 

120-G4 

5-7 

2-30 

Fusi  Yama 

71-64 

6-1 

2-33 

Colchester 

95-50 

6-1 

2-65 

expansion.  Even  the  "  Tartar  "  with  so  much  water  in  the  cylinders 
is  30  per  cent,  more  economical  than  the  "  Colchester." 

With  regard  to  the  increase  in  weight  of  steam  after  cut-off  in 
the  high-pressure  cylinder  of  the  "  Tartar,"  suspicion  naturally  falls 
first  upon  the  piston-valve.  The  j)iston  itself  is  also  mentioned  by 
the  author  (page  47)  as  possibly  leaking  too  ;  but  obviously,  if  the 
piston  were  leaking,  the  weight  of  steam  should  become  less, 
inasmuch  as  during  expansion  the  other  side  of  the  piston  is  open  to 
the  exhaust.  If  the  piston-valve  on  the  high-pressure  cylinder  was 
fitted  with  a  solid  ring,  it  would  be  quite  capable  of  passing  steam 
after  slight  wear. 

If  leakage  is  out  of  the  question,  the  only  reasonable  alternative 
is  re-evaporation,  for  which  the  heat  required  could  come  only 
from  the  cylinder  walls  :  that  is  to  say,  it  would  be  heat  that 
had  been  stored  in  the  walls  by  initial  condensation.  It  may 
further  be  readily  supposed  that  wet  steam  would  absorb  heat  from 
metallic  surfaces  more  quickly  than  dry  steam.  Under  ordinary 
conditions  the  re-evaporation  of  the  initially  condensed  steam  would 
not  be  finished  until  compression  began  in  the  return  stroke  ;  but 
with  wetter  steam  the  greater  part  of  the  re-evaporation  might 
possibly  take  place  during  the  period  of  expansion.  There  is  no 
difficulty  about  time,  inasmuch   as  the  whole  of  the  condensation 
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takes  place  during  the  period  of  admission,  whicli  in  the  case  of  the 
"  Tartar  "  is  about  the  same  as  the  period  of  expansion.  The  great 
amount  of  water  noted  in  the  intermediate  cylinder  of  the  "  Tartar  " 
the  author  thinks  (pages  4  7-9)  can  be  explained  by  initial  condensation 
in  the  high-pressure  cylinder,  apart  altogether  from  priming ;  the  film 
of  water  deposited  on  the  high-pressiu'e  cylinder  surfaces,  and  not 
entirely  re-evaporated  owing  to  the  jacket  not  being  in  use,  he  says 
would  eventually  be  carried  into  the  intermediate  cylinder.  This 
seems  to  the  writer  to  be  highly  improbable.  For  condensation  and 
re-evaporation  must  exactly  balance  each  other,  provided  the  engines 
are  working  under  steady  conditions ;  the  whole  of  the  steam 
condensed  dm"ing  admission  must  be  re-evaporated  before  compression 
begins  ;  and  this  action  is  quite  independent  of  the  steam-jacket.  If 
at  the  end  of  each  stroke  some  of  the  initially  condensed  steam  were 
to  remain  not  re-evaporated,  then  the  cylinder  walls  would  be 
accumulating  heat  in  each  successive  stroke.  Hence  it  follows  that 
the  only  water  which  can  be  delivered  from  the  high-pressure 
cylinder  to  the  intermediate  is  that  due  to  priming,  and  to  the 
liquefaction  consequent  upon  the  performance  of  the  work  done,  and 
to  any  condensation  resulting  from  radiation.  The  most  rational 
explanation  therefore  of  the  "  Tartar  "  results  appears  to  the  writer 
to  be  that,  owing  to  excessive  priming  and  consequent  wetness  of 
steam,  nearly  the  whole  re-evaporation  of  the  initially  condensed 
steam  took  place  during  the  expansion  ;  and  also  that  the  priming 
water,  as  well  as  that  due  to  liquefaction  by  work,  was  transferred 
into  the  intermediate  cylinder. 

When  treating  of  the  effects  of  steam-jackets  and  re-evaporation 
(pages  63-5),  the  author  gives  weights  of  steam  as  present  in  the 
cylinder  at  certain  points  in  the  stroke.  The  weight  given  however 
is  not  the  actual  weight  present  in  the  cylinder  alone  at  the  point 
named,  but  is  the  weight  of  steam  passing  through  the  cylinder  as 
measured  from  the  indicator  diagram ;  that  is  to  say,  it  is  the  actual 
weight  of  steam  present  in  the  cylinder  at  the  point  named,  including 
clearance  as  in  Table  31,  but  minus  the  weight  of  steam  present  in 
the  cylinder  and  clearance  when  the  pressure  in  the  return  stroke  has 
risen  by  compression  to  the  same  pressure  as  that  at  the  point  named 
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in  tlie  steam  stroke.  The  expression  "  present  in  tlie  cylinder  "  is 
apt  to  be  misleading  without  this  explanation.  When  this  method  of 
estimating  the  weight  of  steam  in  the  cylinder  is  applied  to  testing 
the  amount  of  re-evaporation  during  expansion,  a  correct  result  can 
be  obtained  only  when  the  weight  of  steam  shut  in  by  compression 
does  not  vary  during  the  period  of  compression.  The  only  reliable 
method  of  arriving  at  the  re-evaporation  during  expansion  is  to 
calculate  the  actual  weight  of  steam  present  just  after  cut-oflf,  and  to 
compare  it  with  the  actual  weight  present  just  before  release.  No 
doubt  this  method  would  considerably  modify  the  author's  figures,  if 
it  has  not  been  followed  in  Table  31.  If  it  has,  then  for  the  "  Tartar  " 
it  will  be  necessary  to  fall  back  upon  the  explanation  already 
attempted.  In  Table  32  it  is  evident  that  all  the  percentages  there 
given  rej)resent  steam  passing  through  the  cylinder  as  calculated  from 
the  indicator  diagrams ;  and  this  must  be  duly  allowed  for  before 
drawing  any  conclusions  as  to  the  actual  amount  of  cylinder 
condensation  and  the  relative  weight  of  steam  in  each  cylinder. 

To  arrive  at  the  actual  weight  of  steam  condensed  initially  in  a 
cylinder  is  no  easy  matter ;  and  if  no  tests  for  priming  have  been 
made,  accuracy  is  out  of  the  question.  Starting  at  the  point  of 
compression  beginning,  there  is  a  known  weight  of  steam  shut  in, 
which  remains  in  the  cylinder  until  release.  "With  this  steam  will 
in  most  cases  be  mixed  a  certain  amount  of  water ;  and  the  only  way 
to  test  the  amount  is  to  apply  a  calorimeter  to  the  exhaust.  Failing 
this,  it  must  be  estimated  from  the  priming  water  and  the  water  of 
liquefaction.  The  weight  of  the  mixture  of  steam  and  water  must  be 
added  to  the  weight  of  feed-water  per  stroke,  after  subtracting  from 
the  latter  the  weight  supplied  to  steam-jackets  if  any ;  the  net  sum 
is  then  the  total  weight  of  mixture  present  in  the  cylinder  after 
cut-off.  The  actual  weight  of  steam  present  in  the  mixture  just 
after  cut-off  can  be  calculated  from  the  indicator  diagi-am ;  the  water 
constituting  the  balance  must  either  have  been  condensed  in  the 
cylinder  initially  or  supplied  to  the  cylinder  as  water.  The  quantity 
supplied  to  the  cylinder  as  water  is  tested  by  the  calorimeter ;  and 
the  remainder  must  therefore  have  been  condensed  initially  on  the 
clearance   and  cylinder   surfaces.     This   last  quantity  is  the   total 
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weight  condensed ;  ttat  is,  it  results  from  the  condensation  of  the 
clearance  steam  as  well  as  of  the  new  steam  supplied  in  each  stroke. 
The  amount  of  clearance  steam  condensed  can  be  calculated  from  the 
indicator  diagram  by  comj)aring  the  weights  at  the  beginning  and 
the  end  of  compression.  It  will  then  be  known  what  proportion  of 
the  new  steam  supplied  to  the  cylinder  has  been  condensed  ;  and  this 
appears  to  be  what  should  be  called  "  initial  condensation."  With 
this  definition  the  figures  given  in  Table  32  do  not  correspond. 
Furthermore,  when  comparing  weights  of  steam  in  two  different 
cylinders — for  example  (Table  32)  in  the  "  lona  "  65  •  5  per  cent,  of 
total  feed  in  the  high-pressure  cylinder  before  release  and  74  •  9  per 
cent,  in  the  intermediate  cylinder  before  release — it  might  be 
imagined  from  these  figures  that  there  was  14  per  cent,  more  steam 
in  the  intermediate  cylinder  than  there  ought  to  be ;  whereas  the 
seeming  difference  is  due  solely  to  the  method  of  estimating  the 
weights,  and  to  the  fact  that  there  was  more  compression  in  the  high- 
pressure  cylinder  than  in  the  intermediate. 

Mr.  Druitt  Halpin  wrote  that  in  the  discussion  of  M.  Marie's 
paper  on  the  consumption  of  fuel  in  locomotives  (Proceedings  1884, 
page  111)  he  had  suggested  a  "  figure  of  merit,"  by  which  the  total 
efficiency  of  boilers  might  be  measured : — namely  the  product  of  the 
weight  of  water  evaporated  per  hour  per  square  foot  of  heating 
surface,  which  measured  the  rapidity  of  evaporation,  multiplied  by  the 
weight  of  water  evaporated  per  pound  of  fuel,  from  and  at  212°  Fahr. 
in  both  cases.  If  however,  instead  of  being  multiplied  by  the 
evaporation  per  pound  of  fuel,  which  did  not  take  into  account  the 
calorific  value  of  the  fuel,  the  weight  of  water  evaporated  per  hour 
per  square  foot  of  heating  surface  was  multiplied  by  the  percentage 
of  heat  in  the  fuel  taken  up  by  the  feed-water,  the  following  results 
were  obtained  from  Table  18  (page  39)  : — 


Evaporation  per  hour  per  square'! 
foot  of  heating  surface    .  .  / 

Percentage  of  heat  in  fuel  taken"! 
up  by  feed-water   .  .  .  / 

Total  efficiency  of  boilers  . 


leteor. 

Col- 
chester. 

Fusi 
Yama. 

lona. 

Ville  de 
Douvres. 

4-49 

7-39 

3-48 

2-73 

9-02 

62-0 

62-0 

67-2 

69-2 

66-1 

278 

458 

234 

189 

596 
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Professor  Beare  wrote  that  lie  desired  again  to  thank  Cai^t. 
Sankey  for  the  great  amount  of  time  and  trouble  he  had  taken  in 
jjreparing  the  6  ^  diagrams,  and  for  the  valuable  and  interesting 
explanation  he  had  given  of  their  construction  from  the  indicator 
diagrams,  and  of  their  use  in  discovering  defects  in  the  working  of 
engines.  For  instance  the  6  ^  diagrams  of  the  "  Zona "  were 
interesting,  as  showing  that  the  increased  dryness-fraction  in  the 
intermediate  cylinder,  referred  to  in  page  63,  was  in  all  probability 
due  to  a  leaky  valve. 

The  remark  as  to  leakage  past  the  piston  in  the  "  Tartar " 
(page  47)  was  a  slip,  to  which  attention  had  been  drawn  by  Mr. 
Cummins  (page  135).  In  regard  to  initial  condensation,  radiation 
seemed  to  have  been  forgotten  in  the  remark  (page  136)  that  all  the 
steam  condensed  in  the  cylinder  must  be  re-evaporated  before  the 
end  of  the  release,  or  else  the  cylinder  walls  would  accumulate  heat : 
although  reference  was  made  a  little  later  to  radiation  producing 
condensation.  It  was  well  known  that  in  unjacketed  cylinders  a 
large  proportion  of  the  heat  given  up  to  the  walls  during  initial 
condensation  was  radiated  away  by  the  walls,  and  that  therefore 
initial  condensation  and  re-evaporation  by  no  means  balanced  each 
other ;  the  same  action  occurred  even  in  jacketed  cylinders,  because 
the  jacketing  was  never  perfect.  The  assumption  therefore  that 
only  priming  water,  and  steam  liquefied  by  doing  work,  passed 
into  the  intermediate  cylinder,  could  hardly  be  considered  as 
accurate.  In  the  calculations  given  in  Table  31,  as  stated  in 
page  64,  the  figures  were  the  actual  weights  of  steam  in  the 
cylinder  and  clearance,  without  any  deduction  for  weight  of  steam 
shut  uj)  in  compression ;  the  criticism  in  pages  136-7  seemed 
therefore  hardly  to  apply.  Table  32  had  been  compiled  from  the 
several  rejiorts,  and  was  the  usual  way  in  which  such  figures  were 
given. 
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ON  THE  SUEFACE  CONDENSATION  OF  STEAM. 


By  Lt.-Coloxel  THOMAS  EXGLISH. 


In  the  course  of  a  series  of  trials  made  for  the  Direct  Measurement 
of  Initial  Condensation  in  a  Compound  Steam-Engine,*  the  author  has 
been  led  to  the  conclusion  that  the  condensation  of  steam  on  a  metallic 
surface  is  in  all  cases  governed  by  the  thermal  resistance  of  the  film 
of  water  deposited  by  the  condensation  of  the  steam  itself.  The 
rate  of  condensation  varies  directly  as  the  difference  of  temperature 
between  the  two  surfaces  of  this  film,  and  inversely  as  its  thickness  ; 
and  there  is  no  difference  between  the  thermal  resistance  of  the 
surface  of  the  metal  and  that  of  its  interior  substance.  The  present 
paper  includes  an  account  of  the  trials  referred  to,  and  a  comparison 
of  their  results  with  calculations  based  on  the  author's  conclusions ; 
together  with  the  explanation,  by  similar  calculations,  of  the  results 
of  experiments  by  other  enquirers  into  the  subjects  of  siu'face 
condensation  and  evaj)oration. 

Engine. — The  engine  on  which  these  trials  were  made  was  built 
by  Messrs.  B.  Donkin  and  Co.  in  1890,  and  is  in  use  at  Palmer's 
Ordnance  Works,  Jarrow.  As  shown  in  the  general  plan,  Fig.  1, 
Plate  20,  it  consists  of  a  high-pressure  and  a  low-pressure  cylinder 
set  horizontally  side  by  side,  and  connected  to  cranks  at  right  angles 
to  each  other  on  the  shaft,  with  the  fly-wheel  between  them.  The 
high-pressiu'e  cylinder  is  20  inches  diameter,  and  the  low-pressure 
32^  inches,  and  the  stroke  of  each  is  48  inches. 

Valves. — Each  cylinder  is  fitted  with  separate  steam  and  exhaust 
valves  of  the   Sidzer  kind,  the   high-pressure   steam-valves   being 

*  Previous  papers  by  the  author  on  Condensation  in  Steam-Engine  Cylinders 
are  printed  in  the  Proceedings,  18S7  page  503, 1889  page  641,  and  1892  page  198. 
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controlled  by  the  governor  througli  trip  gear  whicli  allows  of 
separate  adjustment  of  the  beginning  and  of  the  end  of  the  steam 
admission,  Figs.  2  and  3,  Plate  21.  The  valves  are  all  of  double- 
beat  pattern  with  vertical  spindles  ;  the  steam  valves  are  on  the  top 
of  each  cylinder  at  the  ends,  opening  upwards,  and  the  exhaust 
valves  directly  below  them,  also  opening  upwards.  Motion  is  given 
to  the  valve  spindles,  through  levers  and  connecting  rods,  by  cams 
on  a  separate  revolving  shaft  S  for  each  cylinder,  parallel  to  the 
axis,  and  connected  by  mitre  wheels  to  the  crank  shaft.  The  cams 
which  lift  the  steam  valves  of  the  low-pressui-e  cylinder  are  capable 
of  being  set  so  as  to  vary  the  point  of  cut-off.  A  relief  valve 
2^  inches  diameter,  kept  shut  by  a  spiral  spring,  is  fitted  at  each 
end  of  each  cylinder. 

Jacketing. — Both  cylinders  are  jacketed  on  the  barrel  by  the 
working  steam,  which  has  to  circulate  roimd  the  cylinder  before  it 
enters  through  the  steam  valves.  The  barrel  jacket  is  prolonged 
six  inches  beyond  each  end  of  the  cylinder ;  and  the  cylinder  ends 
are  further  jacketed  by  cavities  cast  in  them,  communicating  with 
the  prolongation  of  the  barrel  jacket  through  four  holes  of  half-inch 
diameter,  two  at  the  top  and  two  at  the  bottom. 

Auxiliary  Valve-Gear. — The  trials  are  designed  to  weigh  the 
steam  required  to  fill  the  clearance  at  the  commencement  of  each 
stroke,  separately  from  that  which  enters  the  cylinder  after  the 
piston  begins  to  move.  For  this  purpose  the  end  of  the  hif^h- 
pressure  cylinder  farthest  from  the  crank  was  selected  ;  and  an 
auxiliary  valve-gear,  independent  of  the  ordinary  steam-admissiou, 
was  fitted,  by  which  the  steam  to  fill  the  clearance  is  supplied  from  a 
separate  boiler  of  an  8-HP.  portable  engine,  through  a  2-inch  pij)e 
37^  feet  long  and  lagged  throughout,  to  a  double-beat  valve  V, 
Figs.  2  and  3,  Plate  21,  4^  inches  diameter  with  a  vertical  sjjindle. 
This  valve  is  fitted  as  close  as  possible  to  the  cylinder,  and  opens 
into  it  through  the  seating  of  the  relief  valve,  which  is  temporarily 
removed.  At  each  revolution  of  the  engine  the  valve  spindle  is 
lifted  through  a  bent  lever  L,  by  an  adjustable  cam  C  secured  to  the 
revolving  shaft  S  which  drives  the  main  valve-gear,  as  sliowu  in 
Figs.  2  and  3.     This  double-beat  valve  is  closed   by  its  own  steam 
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acting  on  four  square  inches  of  unbalanced  area,  and  aided  by  an 
india-rubber  spring  E.  In  order  to  give  as  sharp  a  cut-off  as 
possible  to  this  auxiliary  valve,  it  is  made  to  lift  as  much  as  half 
an  inch  by  the  action  of  the  cam,  although  a  lift  of  only  0-15  inch 
gives  an  opening  equal  to  the  area  of  the  2-inch  steam-pipe.  The 
cam  is  adjusted  to  open  the  auxiliary  valve  at  any  desired  point 
during  the  period  of  compression,  and  to  close  on  the  dead  centre ; 
whilst  the  main  steam-valve  is  adjusted  to  open  at  the  dead  centre, 
and  thus  to  continue  the  supply  of  steam  to  the  cylinder.  The 
combined  action  of  the  two  valves  produces  an  indicator  diagram 
which  cannot  be  distinguished  from  the  diagram  drawn  when  using 
the  main  valve-gear  alone,  adjusted  in  the  ordinary  way. 

Measurement  of  Initial  Condensation. — By  weighing  the  amount 
of  water  evaporated  in  the  auxiliary  boiler  for  a  known  number  of 
strokes,  it  becomes  possible  by  this  arrangement  to  ascertain  directly 
the  amount  of  steam  expended  per  stroke,  partly  in  initial 
condensation,  and  partly  in  increasing  the  pressure  in  the  clearance 
from  that  due  to  the  cushion  steam ;  and  by  adding  to  the  weight 
thus  found  the  weight  of  cushion  steam,  and  deducting  the  weight  of 
saturated  steam  required  to  fill  the  clearance  at  the  pressiu-e 
existing  when  the  main  valve  opens,  a  direct  measiu-e  is  obtained  of 
the  weight  condensed  in  the  time  required  to  fill  the  clearance. 

The  weight  of  cushion  steam  and  the  weight  of  satm-ated  steam 
required  to  fill  the  clearance  space  of  0  •  782  cubic  foot  can  be  readily 
calculated  from  measurements  of  the  mean  steam-pressiu'e  on  the 
indicator  diagrams.  The  indicator  gear  is  arranged  either  to 
take  diagrams  in  the  ordinary  way,  or  to  be  connected  to  the 
crank  of  the  low-pressure  cylinder.  In  the  latter  case,  the 
pressures  which  occur  at  the  ends  of  the  stroke  are  transferred 
to  the  middle  of  the  diagram ;  and  the  horizontal  distances 
representing  on  the  diagram  the  motion  of  the  piston  near 
the  ends  of  the  stroke  are  sufficiently  elongated  to  show 
clearly  the  intervals  between  the  various  changes.  Immediately 
after  taking  a  diagram  in  this  manner,  the  governor  is  lifted  by 
hand  for   a  few  revolutions,  which   causes   the   trip   gear  to  miss 
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lifting  the  maiu  steam-valve  :  wliereby  is  produced  on  tlie  same  paper 
a  diagram  of  the  steam  passing  through  the  auxiliary  valve  alone. 
The  combined  diagram  thus  obtained,  Plates  22  to  30,  is  employed 
to  determine  a  scale  for  the  time  occupied  in  the  observed 
condensation,  by  measuring  on  it  the  horizontal  distance  between  the 
point  corresponding  with  the  moment  of  admission  through  the 
auxiliary  valve,  and  the  point  at  which  the  two  curves  diverge. 
This  horizontal  distance  bears  approximately  the  same  proportion  to 
the  product  of  tt  X  total  length  of  diagram,  as  the  time  elapsed 
from  the  commencement  of  admission  bears  to  the  total  time  of  a 
revolution.  The  weight  of  steam  condensed  in  this  time,  multij)lied 
by  its  latent  heat,  and  divided  by  the  area  of  clearance  surface, 
13  "98  square  feet,  gives  the  number  of  thermal  units  set  free  by 
condensation  on  each  square  foot ;  and  the  mean  rate  of  condensation 
per  square  foot  per  minute  can  be  determined  therefrom,  when  the 
actual  time  occupied  in  condensation  has  been  calculated. 

In  order  to  ascertain  accurately  the  weight  of  water  supj)lied  to 
the  auxiliary  boiler,  its  feed-pump  is  driven  from  shafting,  and  the 
tub  from  which  it  draws  its  supply  is  mounted  on  a  one-ton  weighing 
machine.  The  auxiliary  boiler  is  pumped  up  while  cold  to  a  marked 
level  on  the  gauge  glass ;  steam  is  then  raised,  and  all  feed-water 
weighed  into  the  boiler.  After  the  boiler  has  cooled  down  again  on 
the  conclusion  of  a  trial,  sufficient  water  is  either  pumjjed  in  or 
taken  out  to  bring  the  water-level  to  the  same  mark  on  the  gauge 
glass ;  and  the  weight  thus  required  is  added  to  or  deducted  from 
the  weight  of  feed-water  previously  observed.  A  correction, 
ascertained  by  trial,  of  14  lbs.  per  hour,  is  also  applied  to  allow  for 
imperceptible  leakage  whilst  the  boiler  is  imder  steam. 

Results  of  Trials. — The  mean  results  of  each  of  the  trials  are 
detailed  in  the  appended  Table  22,  lines  1  to  22,  omitting  those 
trials  in  which  doubt  existed  as  to  the  accuracy  of  any  of  the 
measurements.  For  each  trial  detailed  the  indicator  diagrams 
nearest  to  the  mean  are  shown,  both  from  the  low-j)ressure  crank 
and  also  the  ordinary  diagram,  and  both  for  the  main  steam  and  for 
the  auxiliary-valve  steam  ;  these  are  shown  in  Plates  22  to  30.  The 
(^continued  on  page  148.) 
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TABLE  22  (continued  to  page  147). 


Besults  of  Trials  for  direct  measurement  of 
Initial  Condensation  in  a  Compound  Engine. 


1  I  Date  of  trial  . 

2  Number  of  trial 
See  Diagrams 


1893 

Feb.  3    1 

No. 

3 

Plates 

22,315 

Duration  of  trial      ..... 

Number  of  revolutions  dining  trial   . 

Total  weigbt  of  feed  -water  to  auxiliary  boiler 

Deduction  for  leakage  at  rate  of  14  lbs.  per  hour 

Net  steam  supply  during  trial  . 

Barometer  height,  inches  of  mercui-y 

Pressure  p„  of  steam  filling  cleai-auce,  lbs.  per  sq.  inch 

Density  p„  of  steam  filling  clearance,  lb.  per  cub.  foot 

"Weight  W„  of  steam  filling  clearance 

Pressure  }),  of  cushion  steam,  lbs.  per  sq.  inch 

Density  of  cushion  steam,  lb.  per  cub.  foot 

Weight  Wr  of  cushion  steam    . 

Weight  Wc  of  net  steam  supply  Y>ev  revolution 

Observed    total    weight    of     steam     and    water     in 

clearance,  TF„  +  ziv.      . 
Observed  weight  iCo  of  steam  condensed  per  stroke 
Observed  weight  condensed  -4-  observed  total  weight 
Initial  temperature  4  of  steam  from  auxiliary  boiler 
Temperature  of  steam  at  observed  pressure  p^    . 
Temperature     t,-    of    steam     at     observed     cushion 

pressure  _;'.■  ....... 

Latent  heat  L  of  steam  at  initial  temperature  fo 


minutes 

revs. 

lbs. 

lbs. 

lbs. 

inches 

lbs. 

lb. 

lb. 

lbs. 

lb. 

lb. 

lb. 

lb. 

lb. 
ratio 
Fahr. 
Fahr. 

Fahr. 
th.  units 


Calculated   diflerence   of  temperature  of  surfaces  of 

water  film  deposited,  to—  t. 
Calculated    diflerence    of   surface    temperatures    of 

metal,  t,  -  t,j Fahr. 

Calculated  time  s  of  condensation    .... 
Calculated  depth  y  of  metal  aflected 
Calculated  thickness  z  of  water  film  deposited. 
Calculated  mean  rate  of  condensation  per  square  foot 

per  minute,  60  C  -j-  s thei-mal  units 


Fahr. 


second 
inch 
inch 


2081 
13,845 
1,111 

48-^ 
1,062-^ 

30-3 

32-3 
0-080 
0  0625 

20-7 
0-053 
0  0414 
0-0768 

0-1182 
0-0557 
0-471 

293° 
254° 

230° 
908 


37° 

26° 
0-0303 
0-056 
0-0008 

7,160 


Feb.  1894. 


SURFACE    CONDENSATION    OF    STEAM. 


145 


(continued  on  next  page)  TABLE  22. 

Besults  of  Trials  for  direct  measurement  of 
Initial  Condensation  in  a  Compound  Engine. 


Feb.  8 

Feb.  21 

Feb.  28 

Mar.  7 

4 

6 

7 

8 

22,31 

23,32 

23,32 

24,33 

Mar.  14 

9 
24,33 


Mar.  16 

10 
25,34 


Mar.  27 

12 
25,34 


Apr.  13 

1 

14 

2 

26,35 

150 

3 

9,954 

4 

965-75 

5 

35 

6 

930-75 

7 

30-5 

8 

28 

9 

0-070 

10 

0  0547 

11 

14-3 

12 

0-038 

13 

0-0297 

14 

0-0936 

15 

0-1233 

16 

0-06S6 

17 

0-556 

18 

308° 

19 

246° 

20 

211° 

21 

897 

22 

212 
14,050 
1,031-5 
49-5 

982 

29-9 

28-6 
0-071 
0-0555 

17-3 
0-045 
0-0352 
0-0699 

0-1051 

0-0496 

0-472 

293° 

247° 

220° 
908 


210 
14,324 
1,003 
49 
954 
29-4 
28-6 
0-071 
0-0555 
19-2 
0-049 
0-0383 
0-0666 

0-1049 

0-0494 

0-471 

293° 

247° 

226° 

908 


150 
9,978 
871-5 

35 
836-5 

29-7 

32-0 
0-079 
0-0618 

20-9 
0-054 
0-0422 
0-0839 

0-1261 

0-0643 

0-510 

308° 

254° 

230° 

897 


150 

10,188 

951 

35 

916 

30-3 

30-0 

0-075 

0-0586 

19-3 
0-049 
0-0383 
0-0899 

0-1282 

0-0696 

0-543 

308° 

250° 

226° 
897 


153 
10,278 
933-5 

35-75 
897-75 

29-9 

30-0 
0-075 
0-0586 

18-7 
0-048 
0-0375 
0-0874 

0-1249 

0-0663 

0-531 

308° 

250° 

224° 

897 


150 

9,980 

998 

35 

963 

29-6 

35-1 

0-086 

0-0672 

22-2 
0-056 
0-0438 
0-0965 

0-1403 

0-0731 

0-521 

308° 

259° 

234° 

897 


150 

9,954 
956-25 

35 
921-25 

30-3 

29 
0-072 
0-0563 

14-3 
0-038 
0-0297 
0-0926 

0-1223 

0-0660 

0-540 

308° 

248° 

211° 

897 


45° 

28° 
0-Q199 
0-045 
0-0007 

9,690 


40° 

49° 

52° 

53° 

27° 

29° 

30° 

31° 

0-0221 

0-0306 

0-0336 

0-0295  ' 

0-048 

0-056 

0-059 

0-055 

0-0007 

0-0010 

0-0010 

0-0010 

8.690 

8,100 

7,980 

8,650 

46° 

28° 
0-0419 
0-066 
0-0010 

6,710 


64° 

64° 

i 

1 

23, 

33° 
0-0245 
0-050 
0-0010 

33° 
0-0265 
0-052 
0-0010 

24 
25 
26 
27 

10,350 

9,960 

28 

146 


SUBFACE  CONDENSATION  OF  STEAM. 


Feb.  1894. 


TABLE  22  {continued  from  preceding  fage). 

Besults  of  Trials  for  direct  measurement  of 
Initial  Condensation  in  a  Compound  Engine. 


Date  of  trial  , 
Number  of  trial 
See  Diagrams 


1893 

No. 
Plates 


Apr.  14 

15 
26,35 


Duration  of  trial     .......  minutes 

Number  of  revolutions  during  trial           .         .         .  revs. 

Total  -weight  of  feed  water  to  auxiliary  boiler  .         .  lbs. 

Deduction  for  leakage  at  rate  of  14  lbs.  per  hour         .  lbs. 

Net  steam  supply  during  trial           ....  lbs. 

Barometer  height,  inches  of  mercury  .  .  .  inches 
Pressure  p„  of  steam  filling  clearance,  lbs.  per  sq.  inch         lbs. 

Density  p„  of  steam  filling  clearance,  lb.  per  cub.  foot  lb. 

Weight  Wo  of  steam  filling  clearance         .         .         .  lb. 

Pressure  p,-  of  cushion  steam,  lbs.  per  sq.  inch  .         .  lbs. 

Density  of  cushion  steam,  lb.  per  cub.  foot         .         .  lb. 

Weight  Wc  of  cushion  steam    .....  lb. 

Weight  Wa  of  net  steam  supply  per  revolution  .  .  lb. 
Observed    total    weight    of    steam    and    water    in 

clearance,  TFo  +  tiv      .         .         .         .         .         .  lb. 

Observed  weight  %Co  of  steam  condensed  per  stroke     .  lb. 

Observed  weight  condensed  -=-  observed  total  weight  ratio 

Initial  temperature  h  of  steam  from  auxiliary  boiler  .  Fahr. 

Temperature  of  steam  at  observed  pressure  po  •  •  Fahr. 
Temperature     U    of    steam    at    observed    cushion 

pressure  pc           .......  Fahr. 

Latent  heat  L  of  steam  at  initial  temperature  tb         .  th.  units 


Calculated  diiference   of  temperature  of  surfaces  of 

water  film  deposited,  to  —  t. 
Calculated    difl'erence    of   surface    temperatures    of 

metal,  t,  —  ty      . 
Calculated  time  s  of  condensation    .... 
Calculated  depth  y  of  metal  afiected 
Calculated  thickness  z  of  water  film  deposited  . 
Calculated  mean  rate  of  condensation  per  square  foot 

per  minute,  60  Z7-^s thermal  units 


Fahr. 

Fahr. 

second 

inch 

inch 


150 
9,917 
952-25 

35 
917-25 

30-3 

26-8 
0-067 
0-0524 

13-5 
0-036 
0-0281 
0-0926 

0-1207 

0-0683 

0-566 

308° 

244° 

208° 
897 


66° 

34° 
0-0254 
0-051 
0-0010 

10,360 
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{concluded  from  page  144)  TABLE  22. 

Mesults  of  Trials  for  direct  measurement  of 
Initial  Condensation  in  a  Compound  Engine. 


Apr.  17 

16 
27,36 


150 
10,158 
905 
35 
870 
30-4 
30-3 
0-076 
0-0594 
20-9 
0-054 
0-0422 
0-0856 

0-1278 
0-0684 
0-535 

308° 

251° 

230° 
897 


Apr.  18 

17 
27,36 


Apr.  20 

18 
28,37 


150 
9,969 
927-25 
35 
892-25 
30-3 
29-1 
0-073 
0-0571 
16-7 
0-043 
0-0336 
0-0896 

0-1232 
0-0661 
0-536 

308° 
249° 

218° 
897 


150 

9,884 

910 

35 

875 

30-2 

27-3 

0-069 

0-0540 

14-3 
0-038 
0-0297 
0-0886 

0-1183 

0-0643 

0-543 

308° 

245° 

211° 
897 


Apr.  28 

Apr.  29 

May  15 

22 

23 

24 

28,37 

29,38 

29,38 

May  25 

25 
30,39 


June  1 

26 
30,39 


150 

9,946 

1,006 

35 

971 

30-1 

30-1 

0-076 

0-0594 

16-7 
0-043 
0-0336 
0-0976 

0-1312 

0-0718 

0-547 

308° 

251° 

218° 
897 


150 

9,871 

990-25 

35 

955-25 

30-1 

29-5 

0-074 

0-0578 

15-5 
0-040 
0-0313 
0-0968 

0-1281 
0-0703 
0-549 

308° 

249° 

215° 
897 


150 
4,561 

668-25 
35 

633-25 
30-2 
38-1 

0-094 

0-0735 
13-6 
0-036 
0-0281 
0-1388 

0-1669 
0-0934 
0-560 
308° 

2tj4° 

208° 
897 


150 

4,850 

686-50 

35 

651-50 

29-9 

28-9 

0-072 

0-0563 

10-3 
0-027 
0-0211 
0-1343 

0-1554 

0  0991 

0-637 

308° 

248° 

195° 

897 


150 

4,804 

723 

35 

688 

29-9 

35-4 

0-087 

0-0682 

13-3 
0-035 
0-0274 
0-1432 

0-1706 

0-1024 

0-602 

308° 

260° 

207° 
897 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 
18 
19 
20 

21 
22 


49° 

29° 
0-0346 
0-059 
0-0010 

7,610 


58° 

32° 
0-0271 
0-053 
0-0010 

9,400 


64° 

33° 
0  0233 
0-049 
0-0010 


58° 

32° 
0-0319 
0-0.57 
0-0011 


10,620   8,650 


60° 

33° 
0-0293 
0-055 
0-0011 

9,220 


66° 

34° 
0-0474 
0-070 
0-0014 

7,570 


37° 
0-0461 
0-069 
0-0015 

8.270 


67° 

34° 
0-0564 
0-076 
0-0015 


6,980   28 
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ordinates  marked  on  eacli  pair  indicate  simultaneous  angular 
positions  in  tlie  revolution  of  the  crank-sliaft ;  but  the  two  diagrams 
in  each  pair,  not  being  taken  simultaneously,  do  not  necessarily 
correspond  exactly. 

In  line  9  of  the  Table,  the  pressure  2^0  of  steam  filling  the 
clearance  space  is  that  marked  in  diagram  3,  Plate  22,  measured 
from  zero  to  the  point  at  which  the  diagram  representing  the  steam 
admitted  through  the  auxiliary  valve  alone  diverges  from  that 
representing  the  steam  admitted  through  both  valves ;  for  it  is 
evident  that,  even  if  the  auxiliary  valve  were  not  closed  at  this  point, 
no  more  steam  could  enter  through  it  against  the  increasing  pressure 
of  the  steam  admitted  through  the  main  valve. 

In  line  12,  the  pressure  pc  of  cushion  steam  is  measured  from 
zero,  as  shown  in  diagram  3,  Plate  22,  to  the  point  at  which  the 
compression  ciu've  changes  its  direction  owing  to  the  admission  of 
the  steam  through  the  auxiliary  valve. 

Each  trial  in  which  the  conditions  have  been  varied  has  been 
repeated  a  sufficient  number  of  times  to  ensure  that  similar  results, 
within  reasonable  limits  of  error  of  observation,  would  follow 
a  further  repetition.  The  trials  show  that  an  amoimt  of  heat  may 
be  set  free  which  will  corresj)ond  with  a  mean  rate  of  initial 
condensation  of  from  6,700  to  10,600  thermal  units  per  square 
foot  per  minute. 

If  it  be  assumed  that  the  clearance  surface  is  dry  before  admission, 
the  possible  rate  of  condensation  will  vary  directly  as  the  difference 
between  the  temperatures  of  the  two  surfaces  of  the  film  of  water 
deposited  by  the  condensation  itself,  and  inversely  as  its  thickness ; 
the  rate  must  therefore  be  exceedingly  rapid  at  first,  and  immediately 
diminish.  The  amount  of  heat  observed  to  be  set  free  may  be 
accounted  for  as  being  absorbed  by  the  metal,  following  generally  the 
method  of  calculation  adopted  by  Professor  CotteriU  in  "  The  Steam 
Engine,"  (second  edition,  page  278)  ;  but  it  is  necessary  to  change  the 
supposition  (page  284)  that  the  surface  temperature  of  the  metal 
on  the  admission  of  steam  follows  a  harmonic  cycle,  into  a 
supposition  that  it  is  the  same  as  that  of  the  adjoining  surface 
of  the  water  film.     It  is  also  necessary  to  make  some  supposition 
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as  to  the  variation  of  temperature  in  the  interior  of  the  metal ;  and 
the  author  has  chosen  the  assumption  of  a  constant  difference 
between  the  surface  temperature  and  that  of  the  metal  immediately 
beyond  the  surface  layer  affected,  as  probably  near  the  truth 
during  the  time  of  condensation.  It  will  be  shown  that  on  these 
assumptions  the  results  from  the  indicator  diagrams  can  be  brought 
into  satisfactory  accordance  with  calculation  based  on  the  known 
laws  of  conductivity. 

The  amount  of  heat  available  per  square  foot  is  measured  by  the 
weight  of  the  film  of  water  deposited,  multiplied  by  its  latent  heat  at 
the  temperature  at  which  condensation  commences.  The  small 
amount  of  heat  set  free  by  the  cooling  of  the  film  is  neglected ;  and 
therefore  the  flow  of  heat  at  any  instant  through  the  film  is  taken  to 
be  equal  to  the  flow  into  the  metal  at  the  same  time.  The  heat 
passing  into  the  metal  is  considered  to  be  entirely  absorbed  in  raising 
the  temperature  of  the  surface  layer,  under  the  condition  that  the 
difference  between  the  surface  temperature  and  the  temperature  of 
any  point  in  the  surface  layer  which  is  receiving  heat  will  vary  with 
the  depth  of  the  point  beneath  the  surface.  This  implies  that  the 
thermal  gradient  through  the  surface  layer  at  any  instant  has  a 
uniform  inclination,  but  that  this  inclination  decreases  throughout 
from  instant  to  instant.  Similarly  the  difference  between  the 
temperature  of  the  surface  of  the  film  of  water  next  the  steam,  and 
the  temperature  of  any  point  within  the  film,  is  assumed  to  vary  with 
the  depth  measured  from  the  surface  next  the  steam. 

The  auxiliary-boiler  pressure  was  kept  at  60  lbs.  absolute  per 
square  inch  in  trials  Nos.  3,  4,  and  6,  and  at  75  lbs.  absolute  in  the 
remainder  ;  and  the  initial  temperature  ^^  of  the  steam  filling  the 
clearance  (line  19)  has  been  taken  as  that  due  to  the  auxiliary-boiler 
pressure.  If  t^  be  the  temperature  of  the  common  surface  of  the  film 
of  water  and  of  the  metal  at  any  time  ;  and  if  ty  be  the  temperature 
at  the  same  time  of  the  metal  immediately  beyond  the  interior  boundary 
of  the  surface  layer  of  thickness  y,  which  has  received  heat  up  to  this 
time ;  and  if  f^  be  the  temperature  to  which  the  steam  has  fallen, 
owing  to  the  condensation  : —  then  t^  —  t^  will  be  the  difference  of 
temperature  between  the  two  surfaces  of  the  film  of  water,  and  t^  —  t,j 
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will  be  the  difference  of  surface  temperatures  produced  in  the  metal. 
Taking  the  average  results  of  experiments  on  conductivity  in  iron 
from  Cotterill  (page  278),  it  has  been  found  that,  if  F  be  the  flow  of 
heat  through  the  surface  per  sc[uare  foot  per  second, 

where  y  is  measured  in  inches.  Hence  if  U  be  the  number  of  thermal 
units  which  have  passed  through  a  square  foot  of  the  surface  in  s 
seconds,  with  the  assumptions  made 

d(tz  —  t)  _  tz  —  ty 

~~dy  y 

andf  =F=  0-125  x^'      ...     (1) 

Taking  the  conductivity  of  water  as  0*01  that  of  iron,  if  z  be  the 
thickness  measured  in  inches  of  the  film  of  water  which  has  been 
deposited,  the  flow  of  heat  through  it 

=  0-00125  X  ^^^       ...     (2) 

For  cast-iron  weighing  450  lbs.  per  cubic  foot,  or  37  •  5  lbs.  per  each 
inch  in  thickness  of  a  plate  one  foot  square,  with  a  specific  heat  of 
0-13, 

— -  =  37*5  X  0'13  X  mean  rise  of  temperature 
dy 

=  4-875  X  —^ (3) 

Also  if  10  is  the  weight  of  a  cubic  foot  of  water  in  pounds,  ^  lo  z  will 
be  the  weight  in  pounds  per  square  foot  of  the  film  of  condensed 
water,  and 

U=^  ^toz  L (4) 

where  L  is  the  latent  heat  corresponding  to  the  temperature  t  . 
From  equations  (1)  and  (3) 

^  =  19-5  y 
dy 

and  y  =  0-32  Js (5) 
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or  the  depth  of  metal  affected  varies  as  the  square  root  of  the  time, 
and  the  conditions  determining  the  flow  of  heat  in  the  metal  will  be 
satisfied  by  an  equation  of  the  form 

y  _      t,  -  t 

0-32^5  ~  t,-     ty 

From  equations  (1)  (2)  and  (5) 


'»-'-  =  (^2  C'-^^J     •••(«) 


From  (1)  (4)  and  (5) 


1    I     r  dz      dU      0-125       t,  -  ty 


12  ds      ds         0-32  Js~ 

XT  It         0-125       ,         .X       ^    /- 

Hence        -^^  iv  L  z  =-^JT^  X  {t,  -  t,)  y  2  Js 


or  z 


^ V'Z    —    ty)      /- 


0-32      wL 


^      Js        ....     (7) 

From  (4)  and  (7) 

Mean   rate   of  condensation!      60  Z7  (t   —  t  ) 

in    thermal    units     perl= =  46-85 '-^        "'      .     (8) 

square   foot   per   minute  J  '^^ 

From  (6)  and  (7)      to  -  t,  =  2925  ^^'  ~/'^^', 

or  to-ty  =  t,-ty-{-  2925       ~ j/'     •      •     (9) 

From  given  values  of  tb  and  tc,  to  which  the  values  of  to  and  ty  at 
the  commencemsnt  of  condensation  are  assumed  respectively  to  be 
equal,  the  calculated  value  of  the  rise  of  surface  temperature  of  the 
metal  {tz  —  ty)  can  be  found  by  equation  (9),  and  is  given  in  line  24 
of  the  table  ;  and  this  being  known,  the  values  of  y,  z,  and  U  can  bo 
determined  for  successive  increments  of  s. 

To  connect  these  equations  with  the  observed  results,  and 
determine  the  value  of  s  for  each  trial :  if  Wo  be  the  weight  of  the 
film  of  water  which  has  been  deposited  up  to  any  time  s, 

Wo  =    —    w  X  square  feet  of  surface  X  z 
LA 

and  by  equation  (7) 

Wo  =  10-92  ^^—  sTs (10) 
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The  value  of  s  corresponding  to  the  observed  value  of  iCo  can  be 
obtained  from  this  equation ;  and  a  curve  can  be  drawn  whose 
abscissfe  represent  a  scale  of  time,  and  ordinates  a  scale  of  density, 
which  will  give  the  diminution  of  density  of  the  remaining  steam, 
caused  by  condensation,  for  successive  increments  of  s.  By  the  help 
of  a  table  of  the  properties  of  steam,  this  curve  can  be  transformed 
into  one  whose  abscissae  represent  a  scale  of  time,  and  ordinates  a 
scale  of  temperature.  If  the  combined  indicator  diagram,  in  which 
the  pressures  have  been  converted  to  the  corresponding  temperatures, 
be  drawn  to  the  same  scales,  the  condensation  temperature  curve  can 
be  connected  with  them  by  placing  its  origin  at  a  point  on  the  time 
scale  determined  by  the  following  considerations.  The  rate  of  rise 
of  mean  temperature  of  the  steam  in  the  clearance  after  the  admission 
of  the  auxiliary-boiler  steam  must  depend  upon  the  velocity  of  the 
latter  through  the  steam  pipe,  and  this  is  taken  for  calculation  at  800 
feet  per  second.  During  admission  the  steam  in  the  clearance  space 
must  at  the  same  instant  vary  in  pressure  and  temperature  from  point 
to  point ;  but  the  steam  which  is  in  contact  with  the  walls  must  have 
the  same  temperature  as  the  surface  of  the  metal.  A  curve  of  rise 
in  mean  temperature  of  steam  during  admission,  starting  from  the 
temperature  tc,  and  a  corresponding  curve  of  surface  temperature 
according  to  equation  (9),  can  therefore  be  drawn  to  determine  the 
time  at  which  the  temperature  of  the  surface  of  the  metal  reaches 
the  highest  calculated  value  of  tz,  when  the  condensation  of  the  steam 
from  the  auxiliary  boiler  begins.  These  curves  are  shown  in  the 
diagrams,  Plates  31  to  39,  by  the  full  line  Z  0  of  calculated  mean 
steam  temperature  during  admission,  and  by  the  dotted  line  ZZZ  of 
calculated  surface  temperature.  The  line  00  is  the  calculated  steam 
temperature  during  condensation  ;  and  the  length  included  between 
these  letters  is  the  portion  of  the  curve  to  which  the  tabulated  values 
of  s,  y,  2,  and  TJ  refer.  Ill  are  the  curves  from  the  indicator 
diagrams  in  Plates  22  to  30,  B  B  the  line  of  auxiliary-boiler 
temperature,  and  A  A  the  main-boiler  temperature.  During  the 
period  of  condensation  nothing  approaching  the  auxiliary-boiler 
pressure  is  recorded  by  the  indicator,  which  shows  only  an  apparently 
irregular  curve. 
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An  approximate  calculation  of  the  rate  of  initial  condensation  in 
the  cylinder  of  a  brass  indicator  shows  that  the  fall  of  temperature 
of  the  steam  must  take  place  at  a  much  quicker  rate  than  in  the  engine 
cylinder ;  and  it  is  probable  that  the  changes  of  pressure  take  place 
so  rapidly  that,  owing  to  inertia,  the  indicator  piston  has  not  time  to 
follow  them,  and  that  therefore  the  momentary  duration  of  the  boiler 
pressure  cannot  be  recorded  by  it.  Further  experiments  however 
are  required  to  determine  this  point ;  and  all  that  can  be  said  with 
certainty  at  present  is  that  j^ressure  must  exist  to  fill  the  clearance, 
which  is  not  shown  on  the  indicator  diagrams. 

In  trials  3  to  12  the  jacket  space  in  the  cylinder  cover  was  filled 
from  the  barrel-jacket,  and  drained  back  into  it.  In  trials  14  and  22, 
it  was  filled  from  the  barrel-jacket,  and  separately  drained  through  a 
trap.  In  trials  15  to  18  and  23  to  26,  the  communications  were 
plugged,  so  that  no  steam  entered  the  cover-jacket.  Trials  14  and 
15  were  witnessed  by  Mr.  Bryan  Donkin,  who  kindly  verified  the 
measurements  relating  to  them. 

Evaporation  of  Water  hy  Surface  Condensation  of  Steam. — Similar 
equations  to  the  foregoing  can  be  emj^loyed  to  represent  the  results 
of  the  process  of  evaporating  water  by  the  surface  condensation  of 
steam  on  a  metallic  plate.  During  steady  ebullition  it  is  j)robable 
that  no  film,  either  of  water  or  of  steam,  can  permanently  adhere  to 
the  surface  from  which  the  evaj)oration  is  taking  place ;  but  that 
minute  particles  of  water  are  periodically  brought  into  actual  contact 
with  the  metal,  and  thereby  changed  into  steam.  The  momentary 
rate  of  flow  of  heat  which  results  from  this  contact  will  be  extremely 
rapid,  as  compared  with  the  rate  of  transmission  of  heat  by  conduction 
through  a  measurable  thickness  of  metal ;  and  the  change  of  any  one 
of  the  particles  of  water  into  steam,  whatever  may  be  the  nature  of 
the  process,  will  probably  absorb  the  whole  available  heat  from  a 
small  area  of  an  exceedingly  thin  surface  layer  of  metal.  The  steam 
produced  will  then  act  as  a  non-conducting  medium,  until  an  amount 
of  heat  equal  to  that  abstracted  by  evajioration  is  returned  to  the 
surface  layer  by  conduction  through  the  metal.  Ebullition  may 
therefore  be  considered  as  an  intermittent  process,  consisting  of  a 
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series  of  cycles,  in  any  one  of  whicli  the  distribution  of  heat  will,  at 

the  moment  of  evaporation  of  a  j^article  of  water,  be  the  reverse  of 

that  at  the  first  instant  of  the  process  of  condensation,  when  the  rate 

of  flow  of  heat  is  so  rai)id  as  to  make  the  transmission  virtually 

instantaneous. 

Let  tg  be  the  temperature  of  evaporation  ;  ty  the  temperature  of 

the    evaporating    surface   common    to    the  water   and    the    metal  ; 

and   tz   the   temperature  of  the   interior  of  the   metal.      Then  for 

cast  iron 

A  U  =  37-5  X  0-13  X  Ch-^e)  X  Ay 

will  be  the  heat  instantaneously  abstracted  by  evaporation  from  one 

square  foot  of  the  surface  layer  of  which  Ay  is  the  thickness ;  and 

AU=  37-5  X  0-13  X  ^^—-^  X  Ay 

will  be  the  heat  gradually  restored  by  conduction  to  the  same  surface 

layer. 

Hence     tz  —  ty  —  2  {ty  —  (e)- 

By  a  similar  equation  to  (9)  ty  —  U  =  — _   (tz  —  tyY, 

and  therefore  ^y  —  ie  =  ^,^>,7,7i    •  •     (H) 

11700 

Comparison  of  Calculated  loiih  Observed  results. — The  results 
of  experiments  on  the  transmission  of  heat  from  a  steam-jacket 
through  cast-iron  cylinder  liners  of  varying  thickness,  which 
were  communicated  to  the  Institution  by  Mr.  Morison  at  the 
meeting  in  October  1892,  page  485,  will  enable  a  test  of  these 
conclusions  to  be  made.  In  those  experiments,  during  steady 
evaporation,  the  thickness  of  the  film  of  condensed  water  remaining 
on  the  outer  surface  of  the  liner  must  evidently  be  constant,  and 
would  be  limited  by  the  formation  of  drops.  This  limiting  thickness 
the  author  considers  for  rough  vertical  cast-iron  surfaces  -will  probably 
be  near  0*005  inch,  and  assuming  it  to  be  0"0051  inch,  y  being 
taken  as  the  thickness  of  the  liner,  and  t^  as  the  temperatui-e  of  the 
jacket  steam,  the  equations  representing  the  steady  flow  F  of  heat 
will  be 

F  =  ^=  0'QQ125(<;,-f,)  ^  0-125(^6-  ty) 
ds  0'-0051  y  +  0-61 
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In  this  case  U  =  212°,  and  from  equation  (11) 
f,  =  212°  +  ||l^=217°; 

hence  F  =  ^^}'^°  *  (12) 

will  give  the  number  of  thermal  units  passing  through  the  liner  per 
square  foot  per  second.  The  weight  of  water  evaporated  per  hour 
can  be  calculated  from  this  equation,  when  the  temperature  to  which 
the  feed-water  is  raised  by  the  escaping  heat  is  known.  This 
temperature  is  not  given  in  Mr.  Morison's  communication ;  but 
assuming  it  to  be  100°,  then 

Lbs.  of  water  evaporated  I  _  3,600  X  sq.  feet  internal  surface  X  -F  /-i  o\ 
per  hour  at  212^  Fahr.j  966°  +  212°  — 100°  '   ^     ' 

From  this  equation  the  calculated  results  are  obtained  which  are 
given  in  Table  23  in  juxtaposition  with  the  corresponding  actual 
results  observed  in  Mr.  Morison's  experiments.  In  the  diagram, 
Plate  40,  are  shown  by  dots  the  actual  results  obtained ;  and  the 
inclined  straight  lines  are  drawn  in  accordance  with  calculation  from 
equations  (12)  and  (13).  The  diagram  is  also  furnished  with  a  scale 
of  thickness  of  metal,  by  which  the  relation  between  the  number  of 
pounds  evaporated  and  the  temperature  of  the  condensing  steam  can 
be  seen  for  any  thickness  of  liner  up  to  one  inch.  The  results 
shown  in  the  table  and  diagram  not  only  indicate  the  remarkable 
accuracy  of  Mr.  Morison's  experiments,  but  also  confirm  the  values 
of  the  coefficients  of  conductivity  for  water  and  cast-iron,  as  well  as 

*  A  direct  experiment  shows  that  at  a  temperature  of  60°  Fahr.  the  thickness 
of  the  film  of  water  which  will  remain  on  a  vertical  plane  surface  of  cast-iron 
rough  from  the  sand  is  0 -004:1  inch,  and  that  this  thickness  is  reduced  to 
0  •  0027  inch  when  the  surface  is  roughly  planed,  and  to  0  •  0023  inch  when  it  is 
polished.     If  the  cylindrical  shape  of  the  liner  is  taken  into  account  by  means 

of  the  formula  i?'  =  0  •  125  ih  -  i,j)  ^  (-R  %.  -  +  100  z),  where  It  and  r  are  the 

r 

outer  and  inner  radii,  the  value  0  •  OOi  inch  for  z  will  give  a  near  approximation 

to  Mr.  Morison's  results.     To  determine  from  this  formula  the  weight  of  water 

evaporated  per  hour,  it  would  be  necessary  to  know  what  proportion  of  the  outer 

surface  of  the  liner  is  eflectively  employed  in  the  transmission  of  heat  to  the 

water ;  and  recent  experiments  by  Mr.  B.  Doukin  and  the  author  show  that  it 

is  extremely  difficult  to  ascertain  this  proportion  accurately. 
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the  view  which  the  author  has  adopted,  that  there  is  no  specific 
surface-resistance  in  cast-iron  to  the  entrance  or  egress  of  heat. 

Steam  Condensation  in  Surface  Condenser. — The  weight  of  steam 
which  can  be  condensed  on  a  metallic  surface,  and  the  corresponding 
rise  in  temperature  of  circulating  water,  may  also  be  similarly- 
calculated.  There  is  ample  and  trustworthy  experimental  evidence 
to  show  that  a  flow  of  heat  through  a  tube  or  plate  can  readily  be 
produced,  which,  although  considerably  less  than  when  ebullition 
takes  j)lace,  is  far  in  excess  of  any  that  can  be  accounted  for  by 
conduction  through  water,  or  by  convection.  It  is  therefore 
probable  that  the  heat  is  in  the  first  instance  absorbed  by  the 
evaporation  of  portions  of  a  thin  film  of  water,  of  which  one  surface 
momentarily  adheres  to  the  metal,  whilst  the  other  surface  flows 
with  the  circulating  water ;  and  that  the  steam  thus  produced  is 
immediately  recondensed,  giving  up  its  heat  to  the  surrounding 
water.  Let  c  be  the  weight  of  circulating  water,  in  jjounds  per 
second,  passing  over  a  square  foot  of  the  surface,  and  v  its  velocity 
in  feet  per  second  ;  then  the  mean  velocity  of  the  adherent  film  will 
be  ^  ;  and  let  x  be  its  thickness  in  inches.  Let  ti  be  the  initial  and 
tf  the  final  tempeiature  of  the  circulating  water  ;  and  as  before,  let  tb 
be  the  temperature  of  the  steam  supply ;  tz  the  temperature  of  the 
surface  of  the  metal  next  the  steam,  and  ty  the  temperature  of  the 
surface  next  the  circulating  water ;  z  the  thickness  of  the  film  of 
condensed  water  remaining  on  the  surface  next  the  steam.  Then 
if  the  metallic  surface  be  that  of  a  brass  tube,  through  which  the 
circulating  water  flows,  of  thickness  y,  and  with  a  coefficient  of 
conductivity  0'25,  the  equations  rei)resenting  the  flow  of  heat  Fi  per 
square  foot  per  second  at  the  entrance  of  the  circulating  water  into 
the  tube  will  be 

Fi  =  0-00125  X  ^'^-^^=  0-250  x  *'  ~ -"- 
z  y 

=  0-00125  X  -y^'  =  ^^xL^; 

from  which  {tt>  -  tyf  =  0-0521  (200  z+y)-^{ty-  ti)  Lv, 
and  Fi  =  0-0571   J{t, -tifLv. 
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The  rise  of  temperature  of  the  circulating  water,  as  it  passes 
along  the  tube,  will  reduce  the  flow  of  heat,  and  the  diminution 
of  flow  probably  varies  as  the  square  root  of  the  time ;  on  this 
supposition,  if  F  be  the  flow  of  heat  per  square  foot  per  second  at 
the  exit  of  the  circulating  water  from  the  tube, 

tf      h--     -    -—  g- ,  and 

Ff=h  -*i-^  - (ty -tf)-^ {800 z  +  %+  3-^  =  0-0571  J{ty-tf)Lv 

from  which  the  values  of  tf  and  Ff  can  be  determined. 

The  weight  of  steam  condensed  per  square  foot  per  hour  will  be 

3,600  X  ^^^4-  (i^  +^^0* 
Comparison  of  Calculated  icitJi  Observed  results. — A  comparison  of 
these  calculations  with  actual  results  is  shown  in  Table  24,  for 
experiments  on  surface  condensation  made  by  Mr.  B.  G.  Nichol,  and 
given  in  "Engineering,"  10  December  1875,  pages  449-51.  In 
these  experiments  with  a  brass  tube  |  inch  diameter  and  65  J-  inches 
long,  y=0'04:9  inch,  ^^=58°,  i&=255°  approximately,  and  the  values 
of  c  and  v  are  known.  It  is  necessary  to  assume  the  value  of  z, 
which  is  taken  as  0*008  inch  when  the  tube  was  vertical,  and 
0*0045  inch  when  horizontal.      The   latent  heat  of  evaporation  L 

is    taken    for   the   circulating    water    as    corresponding    with    the 

Ff 
temperature  tt-] — ~,  and  for  the  condensed  steam  as  corresponding 

with  tb. 


160  Feb.  1894. 


MEMOIES. 

Abthxtr  Edwin  Battle,  born  at  Potter  Hanworth,  Lincoln,  on 
5tli  May  1857,  was  tlie  youngest  son  of  Alderman  J.  E.  Battle,  J.P., 
of  Lincoln,  and  was  educated  at  Edenfield,  Doncaster.  On  leaving 
school  lie  was  apprenticed  to  Messrs.  Euston,  Proctor  and  Co. 
Having  passed  through  the  various  workshops,  he  travelled  for  the 
firm  in  South  Africa,  Australia,  South  America,  India,  Mauritius, 
Sumatra,  Java,  Japan,  and  elsewhere,  returning  to  England  in  1890. 
After  remaining  six  months,  he  went  out  again  to  Australia,  and 
entered  into  partnership  with  Mr.  C.  W.  Gibson,  of  Sydney,  trading 
as  Gibson,  Battle  and  Co.,  of  Melbourne  and  Sydney,  and  acting  as 
agents  there  for  Messrs.  Euston,  Proctor  and  Co.  His  death 
occurred  suddenly  at  Melbourne  from  hemorrhage  on  the  brain  on 
7th  January  1894,  at  the  age  of  thirty-six.  He  became  a  Member  of 
this  Institution  in  1891. 

Francis  Leaver  Guilford  was  born  in  Nottingham  on  29th 
December  1842.  After  being  educated  at  Bristol  he  was  articled 
in  1859  to  Messrs.  Eobert  Stephenson  and  Co.,  engineers,  Newcastle- 
on-Tyne.  On  completing  his  apprenticeship,  in  order  to  gain 
experience  he  undertook  the  superintendence  of  several  important 
contracts  for  Messrs.  Simpson  and  Co.,  Pimlico,  London.  Quitting 
their  service  in  1867  he  joined  his  brother-in-law,  Mr.  G.  E.  Cowen, 
in  the  engineering  business  of  Messrs.  G.  E.  Cowen  and  Co.,  Beck 
Works,  Nottingham,  of  which  he  was  acting  manager  for  over  a 
quarter  of  a  century.  His  death  took  place  at  Nottingham  on 
30th  March  1894,  at  the  age  of  fifty-one.  He  became  a  Member  of 
this  Institution  in  1870. 

John  Henry  Harris  was  born  at  Troy,  in  New  York  State,  on 
4th  January  1838.  His  father  removed  to  Springfield,  Massachusetts, 
while  he  was   a  boy,  and  there  his  early  education  was   acquired. 
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He  served  his  time  on  board  a  clipper  shij),  and  on  the  outbreak  of 
the  Civil  War  in  1861  he  offered  himself  as  a  volunteer  in  the 
United  States  Navy.  His  first  appointment  was  that  of  acting 
master's  mate,  followed  by  that  of  acting  ensign  in  1862,  and 
acting  master  in  1864.  He  participated  in  the  naval  engagements 
at  Newport  News,  Port  Hudson,  Fort  Fisher,  and  elsewhere.  After 
leaving  the  government  service  in  1866  he  removed  to  Worcester, 
Massachusetts ;  and  having  decided  to  become  a  lawyer  he  entered 
the  office  of  Senator  George  F.  Hoar.  The  routine  of  a  lawyer's 
office  proving  uncongenial,  he  made  arrangements  with  Messrs. 
George  F.  Blake  and  Co.,  of  Boston,  who  were  manufacturers  of 
steam  pumps,  to  go  to  New  York  and  take  charge  of  that  branch 
of  their  business,  which  he  managed  successfully  for  several  years. 
After  an  attempt  to  carry  on  the  manufacture  of  steam  pumj)s  at  the 
Eeading  Hydraulic  Works,  in  Beading,  Pennsylvania,  he  became 
connected  with  the  firm  of  Messrs.  Henry  E.  Worthington,  by  whom 
he  was  sent  to  England,  where  he  founded  the  Worthington  Pumping 
Engine  Co.  in  London.  He  remained  with  this  firm  for  about  twelve 
years  up  to  the  time  of  his  death,  which  took  place  at  New  York, 
after  a  long  illness  on  22nd  January  1894,  at  the  age  of  fifty-six. 
He  became  a  Member  of  this  Institution  in  1885,  and  was  a  member 
of  several  other  scientific  societies  in  Europe  and  America. 

John  Hick  was  born  at  Bolton  on  2nd  July  1815.  He  was  the 
eldest  son  of  the  late  Mr.  Benjamin  Hick,  one  of  the  founders  in 
1833  of  the  engineering  and  millwright  business  constituting  the 
Soho  Iron  Works.  After  being  educated  at  the  Bolton  Grammar 
School  he  entered  these  works,  where  he  soon  took  an  active  part  in 
the  management,  for  many  years  in  partnership  with  his  father,  and 
on  the  death  of  the  latter  in  1842  with  the  late  Mr.  William 
Hargreaves.  In  1868  he  was  elected  Member  of  Parliament  for 
Bolton,  and  immediately  after  his  election  he  relinquished  his 
connection  with  the  Soho  Works  in  consequence  of  government 
contracts  being  then  in  tlie  hands  of  the  firm.  The  frequency 
of  explosions  of  steam  boilers  induced  him  to  bring  the  subject 
before  parliament;   and  in  May  1870   upon  his  proposal   a   select 
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committee  was  appointed,  of  which  he  was  chairman,  to  enquire  into 
the  cause  of  these  disasters  and  the  best  means  of  their  prevention. 
In  their  report  certain  recommendations  were  made  with  the  view  to 
securing  greater  safety  for  steam  boilers  ;  and  one  of  the  suggestions 
was  in  favour  of  periodical  but  not  compulsory  inspection.  In 
August  1871,  shortly  after  the  presentation  of  the  report,  he 
introduced  a  bill  to  provide  a  more  efficient  remedy  to  persons 
injured  and  property  damaged  by  the  exi)losion  of  steam  boilers 
through  negligence.  He  also  served  on  a  select  committee  in  1874 
to  consider  the  best  chain  cables  and  anchors  for  the  navy ;  and 
amongst  other  matters  to  which  he  drew  the  attention  of  parliament 
were  the  importance  of  the  British  army  being  provided  with  the 
most  effective  rifle,  and  the  improvement  of  heavy  ordnance.  He 
retired  from  parliament  in  1880.  In  his  native  town  he  held 
many  public  positions,  and  was  also  a  justice  of  the  peace  and  a 
deputy  lieutenant  of  the  county  of  Lancaster.  He  had  been  in 
failing  health  for  some  months  previous  to  his  death,  which  took 
place  at  his  residence,  Mytton  Hall,  near  Whalley,  Lancashire, 
on  2nd  February  1894,  at  the  age  of  seventy-eight.  He  was  an 
original  member  of  this  Institution  from  its  formation  in  1847  till 
1852  ;  and  having  rejoined  in  1871,  he  was  elected  a  Member  of 
Council  in  1872,  and  a  Vice-President  from  1874  to  1876.  He  was 
also  a  member  of  the  Institution  of  Civil  Engineers.  In  1849  he 
contributed  a  paper  to  this  Institution  on  a  frictional  starting  and 
disengaging  aj)paratus  for  connecting  and  disconnecting  the  driving 
power  with  shafts  and  machinery. 

Aj^^deew  Leslie  was  born  in  Shetland  on  1st  September  1818. 
He  was  brought  up  in  Aberdeen,  and  there  served  his  apprenticeship 
to  Messrs.  Bowman  and  Vernon,  working  first  as  a  rivet  catcher 
and  afterwards  as  a  boiler  maker.  Before  he  was  out  of  his 
time  he  had  given  indications  of  that  assiduity  and  keen  grasp 
of  work  which  afterwards  became  so  marked  ;  and  he  was 
speedily  promoted  to  a  good  position.  After  remaining  a  few 
years  longer  with  the  firm  he  commenced  business  for  himself 
at   Aberdeen   in    1850    as   a    shipbuilder;    and    in    1854    went    to 
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the  Tyne,  where  only  three  shipbuilding  yards  existed  at  that  time. 
Having  selected  Hebbnrn  as  the  place  to  start  in,  he  commenced 
work  there  at  once  as  an  iron  shij)builder,  and  founded  the  firm  of 
Andrew  Leslie  and  Co.  He  quickly  saw  the  advantage  of  having 
his  workmen  around  him,  and  began  the  work  of  building  Hebburn 
by  erecting  houses  for  them.  The  shipbuilding  yard  prospered 
rapidly,  and  soon  took  a  place  in  the  first  rank  from  the  high 
character  of  the  work  turned  out,  growing  and  expanding  in  every 
way  till  it  came  to  give  employment  to  about  3,000  hands.  During 
the  same  time  more  than  a  thousand  houses  were  erected  for  the 
workmen  and  other  persons  employed,  together  with  an  institute 
and  school  and  a  costly  church.  Having  aspired  to  founding  a 
town  at  Hebburn  as  well  as  a  great  shipbuilding  yard,  he  had 
succeeded  in  doing  so  before  he  gave  up  his  busy  life.  In  1885  he 
retired  from  the  firm,  after  having  built  over  200  ships,  including 
the  twin  steamer  "  Calais-Douvres "  for  channel  service.  A 
project  which  he  had  greatly  at  heart,  but  did  not  live  to  see 
commenced,  was  the  construction  of  a  ship  canal  from  the  Tyne  to 
the  Solway  ;  and  another  was  the  erection  of  a  railway  bridge  over 
the  Tyne  from  Hebburn  to  Wallsend.  He  was  a  magistrate  at 
Hebburn,  and  for  the  counties  of  Durham  and  Northumberland,  and 
was  also  a  member  of  the  Tyne  Commission.  Having  been  suffering 
for  some  time  from  weakness  of  the  heart,  he  had  ajjparently 
recovered  sufficiently  to  be  on  the  point  of  starting  for  the  south, 
when  his  death  took  place  suddenly  at  his  residence,  Coxlodge  Hall, 
near  Newcastle,  on  27th  January  1894,  at  the  age  of  seventy-five. 
He  became  a  Member  of  this  Institution  in  1858. 

Joseph  Tomlinson  was  born  in  London  on  11th  November  1823, 
and  was  educated  from  1831  to  1836  at  a  private  school  in  London, 
and  in  Darlington  1836-37.  From  1837  to  1839,  his  father  being  at 
that  time  passenger  superintendent  of  the  line,  he  had  the  run  of  the 
shops  of  the  Stockton  and  Darlington  Eailway  at  Shildon,  of  which 
Mr.  Timothy  Hackworth  was  then  the  locomotive  superintendent. 
From  1839  to  1842  he  was  in  the  shops  of  the  Manchester  and  Leeds 
Railway  at  Miles  Platting,  Manchester.     In  July  1846  he  joined  the 
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London  and  South  Western  Eailway  as  outdoor  foreman  at  Nine 
Elms,  under  Mr.  John  V.  Gooch,  and  had  charge   of  the  engines 
and  working  of  the  whole  of  the  London  district  until  30th  June 
1852,  the  last  two  years  with  the  late  Joseph  Beattie.     At  the  time 
of  the  Great  Exhibition  in  1851    he   freq[uently  drove  the  special 
train  taking  Prince  Albert  from  Windsor  to  Waterloo   and  back, 
accompanied  sometimes  by  his  two  sons,  the  Prince  of  Wales  and 
Prince  Alfred.     In  1852  he  joined  the  London  and  North  Western 
Eailway  at  Crewe  as  draughtsman  in  charge  of  the  locomotive  engine 
works,   under    the  late  Francis  Trevithick  and  the  late  Alexander 
Allan.     In  1853,  on  Mr.  Allan  joining  the  Scottish  Central  Eailway, 
he  was  appointed  his  assistant.    In  September  1854  he  was  appointed 
assistant  to  the  late  Matthew  Kirtley  at  Derby,  in   charge  of  the 
outdoor  working   of  the   locomotive   department   of    the    Midland 
Eailway  system.     During  his  service  here  the  transition  took  place 
from  the  use  of  coke  to  that  of  coal  as  fuel  for  locomotive  engines, 
and  the  alterations  necessary  for  success  had  to  be  devised ;  a  series 
of  experiments  carried  on  over  a  considerable  period  resulted  in  the 
adoption  of  the  deflector  plate  in  the  fire-door  hole,  and  the  brick 
arch  in  the  fire-box,  both  of  which  continue  to  the  present  day  to 
be  the  best  known  means  for  preventing  smoke  and  the  escape  of 
sparks,  and  for  ensuring  as  far  as  possible  the  perfect  combustion 
of  the  fuel.    He  also  carried  out  the  important  work  of  classifying  the 
engines  more  completely  for  their  different  duties  and  districts.    The 
locomotives  being  also  in  a  bad  state,  owing  to  sufficient  numbers  not 
having  been  added  for  the  increasing  traffic,  had  to  be  brought  up 
fairly  to  the  requirements  of  the  time ;  and  this  had  only  just  been 
accomplished,  when  in  January  1858  he  was  appointed  locomotive 
superintendent  of  the  Taff  Vale  Eailway  at  Cardiff.     Here  he  found 
himself  at   the   very   outset  driven  to   the   use   of  coal   alone  for 
carrying  on  the  traffic,  in  consequence  of  the  continued  strike  of 
the   colliers   in  the   Ehondda   Valley,  where  the   coking  coal  was 
obtained;  and   he   therefore   tried  the   experiment   of  covering  up 
the   entire   surface   of  the   fire-bars   with  small   pieces   of  broken 
fire-brick,  not   exceeding   three  inches  cube,   and   putting  the   fire 
upon  them,  so  as  to  prevent  the  direct  action  of  the  fire   on   the 
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iron  of  the  bars,  by  wliicli  previously  they  had  been  so  rapidly 
burnt  out  as  to  render  the  use  of  the  Welsh  steam  coal  impracticable 
in  locomotives.  Of  this  simple  plan,  which  at  once  proved  successful, 
he  gave  a  description  with  results  in  a  paper  to  this  Institution  in  the 
same  year  (Proceedings  1858  page  274).  He  also  improved  upon 
the  existing  design  of  locomotive  with  six  wheels  all  coupled,  by 
adding  compensating  levers  between  the  leading  and  driving  wheels, 
and  by  other  modifications  in  detail.  In  1863  he  represented  the 
South  Wales  Steam  Collieries  Association  in  the  experiments  at 
Devonport,  extending  over  many  weeks ;  and  reported  unfavourably 
on  the  mixture  of  North-country  coal  and  Welsh  dry  coal,  which  up 
to  that  time  had  been  used  by  the  government.  The  experiments 
were  published  in  a  blue  book,  and  resulted  in  the  use  of  the 
mixture  being  discontinued.  In  1869  he  resigned  his  position  on  the 
Taflf  Vale  Eailway,  owing  to  some  political  difficulty ;  and  started 
on  his  own  account  in  Cardiff  as  a  consulting  engineer  in  shipj)ing 
and  in  marine  and  land  engines.  In  1872  he  was  invited  to  join 
the  Metropolitan  Eailway  as  resident  engineer  and  locomotive 
superintendent,  in  which  double  capacity  he  gradually  worked  up  the 
line  into  a  condition  of  prosperity.  When  the  original  Chaj)el 
Street  Works  at  Edgware  Eoad  Station  became  altogether  inadequate 
to  the  increased  requirements  of  the  locomotive  department,  he 
designed  and  laid  out  the  new  locomotive  and  carriage  works  at 
Neasden.  Before  removing  from  the  Chapel  Street  Works  he 
carried  out  there  a  series  of  experiments  for  this  Institution  on  the 
friction  of  journals ;  and  in  1885  was  appointed  Chairman  of  the 
Eesearch  Committee  of  the  Institution  on  the  subject  of  friction.  In 
April  1885  he  resigned  his  position  on  the  Metropolitan  Eailway,  and 
resumed  practice  as  a  consulting  engineer.  In  this  capacity  he  was 
called  in  to  design  and  superintend  the  erection  of  new  supports  for 
carrying  the  overhead  telephone  wires  in  London,  which  had  collapsed 
in  the  severe  snowstorm  in  the  winter  of  1887  ;  and  was  also  consulted 
in  regard  to  the  surveying  for  new  lines  of  Avire  to  provincial  towns, 
and  other  matters  connected  with  the  telephone  system.  In  1890,  in 
conjunction  with  Mr.  Samuel  Swarbrick,  formerly  general  manager  of 
the  Great   Eastern  Eailway,  he  was  ajipointed   to   investigate   the 
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management  and  working  of  the  Taff  Vale  Eailway ;  and  tlie 
elaborate  report  which  they  jointly  prepared  having  resulted  in 
various  improvements,  he  was  elected  on  the  new  board  of  directors  in 
1891.  The  labour  and  exposure  attending  the  work  of  investigation, 
which  was  carried  on  during  the  winter  of  1890-91,  doubtless  told 
upon  his  health  and  strength,  though  the  ultimate  effects  did  not 
become  apparent  till  the  spring  of  1893.  From  this  time  he 
was  more  or  less  confined  to  his  house,  and  though  frequently 
rallying,  and  throughout  retaining  his  whole  interest  in  all 
engineering  work  that  was  going  on,  he  never  recovered  sufficiently 
to  get  about  again,  and  died  at  his  residence  at  West  Hampstead 
on  22nd  April  1894,  at  the  age  of  seventy.  In  1871  he  was  elected 
an  Associate,  and  in  1874  a  Member,  of  the  Institution  of  Civil 
Engineers.  Having  been  a  Member  of  this  Institution  from  1857, 
and  for  many  years  a  Member  of  Council  and  a  Vice-President,  he 
was  elected  President  in  1890  and  1891.  His  presidential  address 
in  1890  (Proceedings  page  181)  contained  his  own  personal 
recollections  of  the  development  which  he  had  witnessed  of  the 
locomotive  engine  from  the  year  1837 ;  and  in  his  own  words 
therein  recorded  "  I  soon  fell  in  love  with  a  live  engine,  and  from 
then  to  now  have  had  a  feeling  of  first  love  for  it." 

William  Walker  was  born  at  Houghton-le-Spring,  Durham,  on 
14th  November  1830.  He  served  his  apprenticeship  of  seven  years 
at  the  engine  works  of  the  Thornley  Colliery;  and  afterwards 
worked  at  the  locomotive  works  of  the  North  Eastern  Eailway,  Bank 
Top,  Darlington,  and  for  a  year  at  the  works  of  Messrs.  Fossick  and 
Hackworth,  Stockton-on-Tees.  In  1853  he  went  to  Messrs.  Thomas 
Eichardson  and  Son,  Hartlepool,  and  was  with  them  for  three  years, 
during  two  of  which  he  was  one  of  their  leading  hands,  and  went  to 
sea  as  engineer  in  charge  of  the  first,  second,  and  third  steamers 
built  by  them.  In  1856  while  with  their  third  steamer  he  accepted 
an  engagement  with  the  Borneo  Co.  Afterwards  he  was  appointed 
superintendent  engineer  to  the  Netherlands  India  (Java)  Mail  Co., 
with  whom  he  remained  ten  years  until  the  expiration  of  their  mail 
contract  in   1869,  continuing  afterwards  with  their   successors  till 
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•1873  as  sole  manager  of  their  works  at  Sourabaya,  Java.  WMle  in 
Java  he  designed  and  erected  for  the  Dutch  government  an  iron 
light-house  in  the  Madura  Straits.  Since  1873  he  imjjorted  on  his 
own  account  sugar-making  and  other  machinery  into  Java  and  other 
sugar-growing  countries  ;  and  also  designed  and  superintended  the 
arrangement  and  construction  of  many  of  the  most  important  sugar 
factories  now  existing  in  Java  and  elsewhere.  He  was  one  of  the 
pioneers  of  economical  working  in  the  manufacture  of  sugar,  by  the 
improvement  of  cane-crushing  mills  with  the  object  of  extracting 
every  possible  drop  of  juice  from  the  sugar  cane,  and  by  the 
utilization  of  exhaust  steam  for  evaporative  purposes  in  modern 
appliances,  such  as  the  triple  and  quadruple  "  effet,"  as  opposed  to 
the  open-pan  method  of  evaporation,  and  by  the  introduction 
wherever  possible  of  labour-saving  machinery  in  the  manipulation 
of  the  sugar-cane  products.  He  was  also  largely  interested  in 
machinery  for  treating  coffee,  in  which  he  introduced  many 
improvements,  and  also  for  ice-making.  In  1878  he  received  a  gold 
medal  from  the  thii'd  Indian  Agricultural  Congress  in  appreciation 
of  his  services.  His  death,  which  resulted  from  injuries  received 
through  a  fall  from  his  horse  on  9th  April  1894,  took  place  at  his 
residence  at  West  Dulwich,  London,  on  29th  April,  at  the  age  of 
sixty-three.  He  became  a  Member  of  this  Institution  in  1878  ;  and 
was  also  a  member  from  186G  of  the  Neder lands  Koninklijk  Instituut 
van  Ingenieurs. 

Joseph  Weight  was  born  at  Dudley  on  7th  October  1826.  He 
served  his  time  partly  at  his  father's  works  in  Dudley  and  partly  at 
Messrs.  Cochrane's  iron  works  at  Woodside.  On  the  expiration  of 
his  apprenticeship  he  remained  at  Messrs.  Cochrane's  as  an  erector, 
and  was  entrusted  with  the  execution  of  some  important  undertakings, 
including  the  erection  of  large  works  in  connection  with  the  first 
railway  in  India.  After  his  return  from  India  he  superintended  the 
erection  of  the  Ormesby  Iron  Works,  Middlesbrough.  On  the 
completion  of  the  works  he  became  a  partner  in  the  firm  of  Messrs. 
Head,  Wrightson  and  Co.;  Stockton-on-Tees,  then  trading  as  Head 
and   Wright,   and  was   largely  instrumental  in   the   foundation   of 
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tliis  business.  In  this  connection  he  designed  several  important 
appliances  and  improvements  relating  to  foundry  and  blast-furnace 
plant,  including  a  method  of  making  railway  chairs  cheaply ;  he 
also  designed  and  built  several  large  blast-furnaces,  introducing 
many  improvements  in  this  industry.  On  the  dissolution  of  the 
partnership  in  1862  he  returned  to  Dudley,  and  founded  a 
business  with  his  father-in-law,  Mr.  Thomas  Tinsley,  as  chain 
and  anchor  makers  at  Tipton,  which  rapidly  extended,  until 
under  the  title  of  Joseph  Wright  and  Co.  it  became  one  of 
the  largest  chain  and  anchor  works  in  England.  At  these  works  he 
made  Martin's  self-canting  anchor,  now  universally  used.  About  this 
time  he  carried  out  some  extensive  alterations  at  the  Old  Park 
Furnaces  in  Shropshire ;  and  shortly  afterwards  took  up  the 
Berryman  feed-water  heater,  which  he  greatly  improved  in  many 
points.  In  1887  he  retired  from  the  firm,  and  practised  as  a 
consulting  engineer  in  Westminster,  at  the  same  time  carrying  on 
the  manufacture  of  heaters,  evaporators,  condensers,  water  softeners, 
and  other  appliances  connected  with  the  purification  of  water.  His 
last  invention,  completed  only  a  few  days  before  his  death,  was  a 
high-speed  engine  for  electric-light  purposes.  During  the  last  eight 
years  he  suffered  from  cancer  in  the  throat,  from  which  he  died  on 
20th  October  1893,  at  the  age  of  sixty-seven.  He  became  a  Member 
of  this  Institution  in  1860. 


A.riiii.  18[M. 
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PROCEEDINGS. 


April  1894. 


The  SruixG  Meeting  of  the  Institution  was  held  in  the  rooms 
<of  the  Institution  of  Civil  Engineers,  London,  on  Thursday, 
19th  April  1894,  at  Half-past  Seven  o'clock  p.m.  ;  Professor 
Alexander  B.  W.  Kennedy,  LL.D.,  F.E.S.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  thirty-five  candidates  were  found  to  be  duly 
elected : — 


members. 

AccLEs,  William  Sloane, 

Birmingham 

Bentley,  George, 

.      Bury. 

Davis,  George, 

Manchester. 

Gregory,  Horace  Mark, 

London. 

Hamilton,  Egbert, 

Penang. 

Harding,  James  Cooper, 

.     Erith. 

Jackson,  John  Broad,  . 

.      Bury. 

Mansfield,  Edwin, 

Manchester. 

Poland,  William, 

London. 

Saxon,  James, 

Manchester. 

Walker,  Henry  Claude, 

London. 

Whitby,  Arthur  George, 

Amersham. 
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associate  members 

Almond,  Michael, 

Ambler,  Frank,    . 

Baron,  Francis  Edward, 

DuNOLLY,  Alan, 

Hadengue,  Charles  Benjamin, 

IMuRPHT,  Edward  Owen, 

PoppLETON,  Clement  Francis, 

EowE,  Daniel, 

Taylor,  William, 


Queenstown,  S.  Africa. 

Maceio,  Brazil. 

Kingston-on-Thames. 

Bolton. 

Eosa,  India. 

Vancouver. 

London. 

Eedruth. 

Leicester. 


Hayes,  John, 


associate. 


Birmingham. 


GRADUATES. 

Ambrose,  Sewell  Powis,  .  .  Thetford. 

Aylesbury,  Thomas  Antram,  .  .  Sutton,  Surrey. 

Cater,  John  McIlvaine,  .  .  Thames  Ditton. 

Darwood,  John  William,        .  .  London. 

Fry,  Henry  Walter,     .  .  .  Brighton. 

Hodges,  Frank  William,         .  .  London. 

Ironside,  William  Allan,        .  .  London. 

Larmuth,  William  Oliver,     .  .  Manchester. 

Mansfield,  Walter,       .  .  .  Manchester. 

Moon,  Edgar  Eupert,    .  .  .  Swindon. 

EicHMOND,  William  Frederick,  .  Dublin. 

Skinner,  Eussell  Foster,        .  .  London. 

Thorpe,  Wilfred  Bertram,     .  .  London. 


The  President   then   delivered  his   Inaugural  Address :   after 
which  the  following  Paj)er  was  read  and  partly  discussed : — 
"  Description    of    the    Grafton    High-Speed    Steam-Engine  ; "     by 
Mr.  Edward  W.  Anderson,  of  Erith. 
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At  a  Quarter  to  Ten  o'clock  the  Meeting  was  adjourned  to  the 

following   evening.  The   attendance   was   100    Members   and  116 
Visitors. 


The  Adjouened  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Friday,  20th  April  1894,  at  Half-past  Seven 
o'clock  p.m. ;  Professor  Alexander  B.  W.  Kennedy,  LL.D.,  F.E.S., 
President,  in  the  chair. 

The  Discussion  upon  Mr.  Anderson's  Paper  on  the  Grafton 
High-Speed  Steam-Engine  was  resumed  and  concluded  ;  and  the 
following  Paper  was  read  and  discussed : — 

"  Description  of  a  Fluid-Pressure  Eeversing  Gear  for  Locomotive 
Engines ;  "  by  Mr.  David  Joy,  of  London. 

On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
rassed  to  the  Institution  of  Civil  Engineers  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  at  Ten  o'clock.  The  attendance 
was  65  Members  and  52  Visitors. 


The  Anniversary  Dinner  of  the  Institution  was  held  at  Tlie 
Freemasons'  Tavern,  Great  Queen  Street,  Lincoln's  Inn  Fields,  on 
Wednesday  evening,  18th  April  1894,  and  was  largely  attended  by 
the  Members  and  their  friends.  The  President  occupied  the 
chair:  and  the  Guests  of  the  evening  were  the  Eight  Honourable 
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Lord  Kelvin,  President  of  the  Eoyal  Society ;  tlie  Honourable 
Mr.  Justice  Eomer ;  Dr.  J.  Eussell  Eeynolds,  F.E.S.,  President  of 
the  Eoyal  College  of  Physicians ;  and  Sir  Eichard  E.  Webster, 
G.C.M.G.,  Q.C.,  M.P.  The  following  Guests  also  accepted  the 
invitations  sent  to  them,  though  those  marked  with  an  asterisk  * 
were  unavoidably  prevented  at  the  last  from  being  present.  The 
Eight  Honourable  Lord  Eayleigh,  F.E.S.,  Honorary  Life  Member  ; 
The  Eight  Honourable  Lord  Eeay,  G.C.S.L,  G.C.I.E.,  Vice-President 
of  University  College,  London ;  Sir  Frederick  A.  Abel,  Bart., 
K.C.B.,  D.C.L.,  D.Sc,  F.E.S.,  Honorary  Life  Member ;  Sir  Henry 
G.  Bergne,  K.C.M.G. ;  Sir  T.  Salter  Pyne,  C.S.L ;  Sir  Samuel 
Black,  Town  Clerk  of  Belfast. 

Mr.  Alfred  Giles,  President  of  the  Institution  of  Civil 
Engineers ;  Mr.  J.  F.  Eotton,  Vice-President  of  the  Senate  of 
University  College,  London  ;  Mr.  E.  Windsor  Eichards,  President 
of  the  Lou  and  Steel  Institute  ;  Mr.  Thomas  Daniels,*  President  of 
the  Manchester  Association  of  Engineers ;  Mr.  Eobert  Thompson,* 
President  of  the  North-East  Coast  Institution  of  Engineers  and 
Shipbuilders  ;  Dr.  John  Hopkinson,  F.E.S. ,  President  of  the 
Xorthern  Society  of  Electrical  Engineers  ;  Mr.  Henry  Edmunds, 
Vice-President  of  the  Northern  Society  of  Electrical  Engineers ; 
Dr.  William  Pole,*  F.E.SS.L.  &  E.,  Honorary  Secretary  of  the 
Institution  of  Civil  Engineers. 

The  Eev.  Canon  Ainger,  LL.D.;  The  Eev.  Canon  Bonney,  F.E.S., 
University  College,  London;  Professor  David  S.  Capper,  King's 
College,  London  ;  Mr.  W.  Hayes  Fisher,  M.P. ;  Professor  G.  Carey 
Foster,  F.E.S.,  Dean  of  the  Faculties  of  Arts  and  Laws,  University 
College,  London ;  Professor  D.  E.  Hughes,  F.E.S. ;  The  Eev.  Dr. 
John  Kennedy  ;  Councillor  A.  D.  Mackenzie,  Edinburgh  ;  Professor 
W.  C.  Eoberts-Austen,  C.B.,  F.E.S.,  Chemist  to  the  Eoyal  Mint; 
Captain  H.  Eiall  Sankey  ;  The  Eev.  Frederick  J.  Smith,  Millard 
Lecturer,  Trinity  College,  Oxford;  The  Eev.  Dr.  Wace,  Principal 
of  King's  College,  London  ;  Mr.  E.  W.  Wallace ;  Mr.  Charles  J. 
Wilson,  F.I.C. 

Mr.  Edward  W.  Anderson  ;  Mr.  David  Joy ;  Mr.  Harry  Lee 
Millar,*  Treasurer. 
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The  President  was  supported  by  the  following  Officers  of  the 
Institution: — Past-Presidents,  Dr.  William  Anderson,  F.E.S.,  Sir 
Edward  H.  Carbutt,  Bart.,  and  Mr.  Jeremiah  Head.  Vice-Presidents, 
Sir  Douglas  Galton,  K.C.B.,  D.C.L.,  F.E.S.,  and  Mr.  E.  Windsor 
Eichards.  Members  of  Council,  Mr.  John  A.  F.  Aspinall,  Mr. 
William  Dean,  Mr.  Benjamin  A.  Dobson,  Dr.  John  Hopkinson,  F.E.S., 
Mr.  Arthur  Keen,  Mr.  William  Laird,  Mr.  T.  Hurry  Eiches, 
Dr.  William  H.  White,  C.B.,  F.E.S.,  and  Mr.  J.  Hartley  Wicksteed. 

After  the  usual  loyal  toasts,  the  President  proj)osed  "  The 
Scientific  and  Professional  Societies,"  which  was  acknowledged  by 
the  Eight  Honourable  Lord  Kelvin,  LL.D.,  President  of  the  Eoyal 
Society,  and  by  Dr.  J.  Eussell  Eeynolds,  F.E.S.,  President  of  the  Eoyal 
College  of  Physicians.  Sir  Douglas  Galton,  K.C.B.,  D.C.L.,  F.E.S., 
Vice-President,  proposed  the  toast  of  "  The  Bench  and  the  Bar," 
which  was  acknowledged  by  the  Honourable  Mr.  Justice  Eomer  and 
by.  Sir  Eichard  E.  Webster,  G.C.M.G.,  Q.C.,  M.P.  The  toast  of 
"  Our  Guests,"  proposed  by  Mr.  J.  Hartley  Wicksteed,  Member  of 
Council,  was  acknowledged  by  the  Eev.  Canon  Ainger,  LL.D.,  and 
by  Sir  T.  Salter  Pyne,  C.S.I.,  Engineer  to  H.H.  the  Ameer  of 
Afghanistan.  The  concluding  toast  of  "  The  Institution  of 
Mechanical  Engineers "  was  proposed  by  the  Eight  Honourable 
Lord  Eeay,  G.C.S.I.,  G.C.I.E.,  Vice-President  of  University  College, 
London,  and  was  acknowledged  by  the  President. 
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ADDEESS  BY  THE  PEESIDENT, 

Professok  ALEXANDEE  B.  "\V.  KEXXEDY,  LL.D.,  F.R.S. 

It  is  a  well-known  difference  between  engineering  practice  in  this 
country  and  in  most  others  that  the  conditions  of  our  work  seldom 
allow  us  to  carry  si^ecialisation  to  any  such  ^^-reat  extent  as  is  common, 
for  instance,  all  over  the  Continent.  Wi'^h  us  the  belief  that  a  man 
is  "  a  thorough  practical  engineer  "— M^hatever  that  may  mean — is 
very  generally  taken  as  evidence  that  it  is  safe  to  ask  him  to  do 
anything  whatever  which  may  be  incluc'led  within  the  vague  general 
term  "  engineering."  Of  the  extent  to  which  this  feeling  is  carried, 
as  well  as— I  must  say— of  the  essential  truth  which  lies  at  the 
bottom  cf  it,  no  better  illustration  cou'.d  possibly  be  found  than  the 
position  now  held,  with  so  much  advantage  to  the  public  service,  by 
my  distinguished  predecessor  in  this;  chair,  Dr.  Anderson.  Some  of 
us  have  occasion  to  examine  continur  Jly  the  epitomised  professional 
histories  of  engineers  who  wish  to  belong  to,  or  to  be  promoted  in, 
our  Institutions.  It  is  notewor^^uy  in  how  many  cases,  especially 
in  our  own  Institution,  a  mar ,  of  thirty-five  or  forty  is  found  to 
be  working  with  great  success  in  a  line  totally  different  from  that  in 
which  he  gained  his  first  exper  ience. 

The  existence  in  the  min.VJs  of  the  public,  who  are  in  fact  our 
employers,  of  the  feeling  .which  I  have  mentioned,  no  doubt 
brings  us  often  into  teiupta,  tion,— temptation  to  undertake  work  or 
responsibility  in  directions  where  our  own  common-sense  only, 
unaided  by  past  experience,  m Oust  be  our  guide.  He  is  a  wise  man  who 
can  tell,  as  each  opportunity^  presents  itself,  whether  it  is  really  a 
tide  to  be  taken  at  its  flood;  or  whether  it  is  one  in  which  his  swimming 
powers  will  not  be  suflficiec^t  to  carry  him  on  to  fortune,  but  may 
only  leave  him,  and  those  wi  \o  trust  to  him,  still  short  of  terra  firma 
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wLen  tlie  ebb  commences.  The  consideration  of  tbis  point  bas 
probably  caused  many  of  us  more  anxious  moments  than  tbe  actual 
working  out  of  any  of  tbe  knotty  engineering  problems  wbicb  come 
upon  us  after  tbe  pliinge  is  taken.  I  speak  in  tbe  matter  from  bard 
enougb  experience,  for  I  myself  bave  bad  all  too  often  to  decide  sucb 
questions,  sometimes  in  one  sense  and  sometimes  in  tbe  otber.  So  it 
happens  tbat  having  served  my  time  with  Marine  Engineers,  I  bave 
had  in  tbe  last  twenty-five  years  to  busy  myself  with  half  a  dozen 
varieties  of  mechanical  and  structural  work,  including  what  I  may 
call  tbe  academic  variety  during  many  happy  years  at  University 
College,  and  of  late  years  also  with  the  newest  variety  of  all — 
Electrical  Engineering.  I  trust  that  my  electrical  friends — those 
of  them,  tbat  is,  who  are  twenty  years  younger  than  I  am — will 
forgive  me  for  calling  Electrical  Engineering  a  variety  of 
mechanical  work.  I  mean  nothing  disrespectful  of  course ;  but 
even  by  ihose  who  are  much  more  thoroughly  electrical  engineers 
than  I  can  ever  hope  to  be,  but  who  bave  had  tbe  chronological 
misfortune,  like  myself,  to  have  become  engineers  before  technical 
electi'icity  existed  (if  I  may  be  allowed  so  to  sj)eak),  I  think 
electrical  engineering  must  always  be  so  regarded.  To  such  of  us, 
electrical  work  bas  been  grafted  on  to  mechanical ;  and  any  success 
we  bave  had  in  tbe  one,  we  trace  back  to  its  foundation  in  our 
knowledge  of  the  otber.  And  further- — although  I  know  that  in 
this  I  lay  myself  easily  open  to  an  accusation  of  mere  conservatism 
— I  believe  tbat  even  now  the  only  really  safe  road  to  success  in 
electrical  work  lies  through  the  old  routine  of  mechanical  training, 
modified  of  course  by  the  excellent  means  for  studying  the  scientific 
side  of  tbe  work  which  now  exist  in  so  many  directions. 

It  is  common,  on  occasions  like  the  i)resent,  for  tbe  speaker  to 
lay  before  tbe  members  sucb  matters  out  of  bis  own  jicrsonal 
knowledge  or  research  or  experience  as  he  thinks  may  be  most 
generally  useful  to  them,  as  some  small  acknowledgment  of  tlie 
honour  wbicb  be  bas  received  at  their  hands  in  bis  election  as  their 
President  for  tbe  year.  In  thinking  how  best  I  could  fulfil  tliis 
honourable  obligation  and  pleasant  duty,  it  occurred  to  me,  in 
connection  with  the  train  of  thought  which  I  liavo  just  put  before 
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you,  that,  as  I  happen  by  some  chance  to  be  the  first  of  your 
Presidents  who  has  been  actively  connected  with  electrical  work,  it 
might  be  of  interest  to  you,  and  possibly  also  of  use  to  some,  if  I 
endeavoured  to  put  before  you  as  clearly  as  I  could  the  way  in  which 
the  electrical  problem  of  today  in  this  country  presents  itself,  when 
looked  at  from  the  mechanical  engineer's  point  of  view  rather  than 
from  the  electrician's — in  other  words,  from  your  point  of  view  and 
mine. 

Practical  electrical  problems  divide  themselves  probably  into 
three  main  sections,  in  which  electrical  energy  is  used  respectively 
for  :— 

i.  Physico-Chemical  processes, 
ii.  Power, 
iii.  Lighting. 

Phijsico-Chemical  use  of  EleciriciiTj. — The  first  section — where 
energy  is  used  for  the  deposition  of  metals,  for  the  reduction 
of  chemical  comjiounds,  etc.  —  falls  outside  my  own  knowledge. 
From  what  I  know  of  the  success  with  which  it  is  being 
worked,  I  cannot  doubt  that  it  has  a  great  future.  But  its 
problems  only  touch  engineering  indirectly  as  yet,  and  therefore 
hardly  come  within  the  subject  which  I  have  prescribed  to 
myself.  In  this  section  may  be  included,  at  least  for  present 
purposes,  the  application  of  electricity  to  heating.  So  many  active 
and  competent  workers  are  at  present  engaged  on  this  matter 
that  it  is  greatly  to  be  hoped  that  success  may  soon  attend  their 
work.  Not  only  the  difficulty  of  producing  the  heat,  but  also  that  of 
I^roducing  it  in  a  convenient  fashion,  have  been  overcome  to  a  very 
large  extent.  The  remaining  difficulty  is  the  purely  commercial  one 
of  producing  the  heat  cheaply  enough  to  allow  of  its  general  use. 
This,  I  am  afraid,  has  not  yet  been  overcome  ;  and  until  it  has  been, 
electrical  heating  unfortunately  comes  hardly  -n-ithin  our  ken  except 
for  certain  special  jDurposes. 

Remembering  that  something  like  95  jier  cent,  of  all  the  energy 
that  goes  to  incandescent  lamps  has  hitherto  appeared  only  as  heat 
and  not  as  light,  there  appears  tc  be  an  ample  opening   here   for 
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another  "  thermal  storage  "  process,  at  least  until  the  present  lamps 
are  superseded  by  the  less  wasteful  type  which  the  future  will 
doubtless  reveal  to  us  in  good  time,  and  towards  which  we  have- 
already  made  sensible  progress. 

Power  from  Electriclti/. — The  use  of  electrical  energy  for  power. 
i.e.  for  transformation  into  mechanical  energy,  is  a  matter  which 
lies  obviously  in  the  closest  possible  connection  with  mechanical 
engineering.  It  subdivides  itself  broadly  into  three  sections, 
namely  (1)  Transmission  from  a  distance  for  whatever  purpose  ; 
(2)  Transmission  to  a  number  of  isolated  points  comparatively  near 
together,  as  the  tools  in  a  factory ;  and  (3)  Transmission  for  the 
purposes  of  traction  on  railways  or  tramways. 

The  transmission  comes  in  in  every  case,  because  we  have  as 
yet  no  electric  prime-mover  analogous  to  a  steam  engine.  The 
electric  motor  pre- supposes  the  existence  of  a  dynamo,  which  must 
itself  be  driven  by  some  prime-mover.  From  the  dynamo  to  the 
motor,  whether  near  or  far  apart,  there  must  always  be  transmission 
of  electrical  energy.  In  a  recent  extraordinary  aberration  it  seems- 
to  have  been  discovered  that  there  was  some  positive  advantage 
in  using  steam  engine,  dynamo  and  motor  all  in  one  place  to  do 
work  hitherto  done  by  the  steam  engine  alone.  This  wonderful 
locomotive  however  forms,  and  no  doubt  will  continue  to  form,  a 
class  by  itself ! 

Transmission  from  a  distance.  —  As  to  the  transmission  of 
power  from  a  distance  I  shall  not  say  anything,  mainly  because  I 
could  say  nothing  so  well  as  it  has  lately  been  said  by  Professor 
Unwin  in  his  Howard  Lectures  to  the  Society  of  Arts.  The 
whole  matter  is  there  discussed  with  so  unusual  a  combination  of 
impartiality,  scientific  accuracy,  and  mechanical  common-sense,  as 
to  render  the  lectures,  short  as  they  are,  one  of  the  most 
important  contributions  to  engineering  literature  which  have 
appeared  in  this  country  for  a  long  time.  In  particular,  one 
cannot  help  being  struck  with  the  judicial  way  in  which  tlie 
author     has    kept     clear    of    the    fatal     fascination     which     tliis. 
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matter  exercises  over  many  minds  otherwise  sane — a  fascination 
whicli  in  some  cases  goes  so  far  tliat  one  finds  the  whole  matter 
discussed,  perhaps  unconsciously,  on  the  basis  that  it  is  a  positive 
advantage  to  transmit  power  from  the  longest  possible  distance  ! 
There  are  several  towns  in  the  United  Kingdom  where  the  use  of 
water  power  for  the  purpose  of  electric  lighting  will  have  some  day 
to  be  seriously  considered ;  but  I  hardly  think  that  beyond  these  the 
present  generation  is  likely  to  see  any  great  development  in  this 
direction  at  home.  In  other  parts  of  the  world  the  conditions  are 
of  course  different,  and  English  engineers  who  wish  to  secure 
their  share  of  work  in  this  direction  will  rather  have  to  study  it 
beyond  the  limits  of  their  own  country. 

Driving  Tools  hy  Electric  Motors. — The  question  of  driving  the 
tools  in  a  factory  by  electric  motors,  instead  of  through  belts  and 
shafting,  is  one  which  has  recently  come  to  the  front.  Obviously 
the  carrying  out  of  such  work  is  purely  a  matter  of  mechanical 
engineering.  Its  advisability  in  any  particular  instance  is  partly 
a  question  of  economy  and  partly  one  of  convenience,  and  is 
undoubtedly  dependent  on  the  conditions  of  each  individual  case. 
I  have  found  from  information  kindly  given  me  by  several  large 
engineering  firms,  that  the  actual  cost  to  them  of  power — including 
coal,  stores,  wages,  and  depreciation — generally  lies  between  2  and  5 
per  cent,  of  their  total  costs. 

In  any  given  factory  running  on  the  ordinary  system  there  is  a 
large  continuous  waste  of  power,  due  to  the  running  of  the  whole 
shafting,  no  matter  how  many  or  how  few  machines  are  at  work. 
Under  such  conditions  the  waste  work  in  shafts  and  belts  may 
well  be  25  per  cent,  of  the  average  useful  work,  and  the  distribution 

of  total  work  may  be  approximately : — 

H.P. 
Average  useful  work     ......     100 

"Wasted  iu  belts  and  shafting  ....       25 

Wasted  in  engine  friction,  at  about  10  per  cent,  of 
maximum  H.P.,  the  engine  being  supposed  large 
enough  to  give  150  H.P.  at  tools  as  a  maximum   .       20 

145 


April  1804.  TKESIDENT  S    ADDRESS. 


179 


Now  if  all  the  machiues  in  sucli  a  case  were  driven  by  separate 
motors,  each  having  an  electrical  efficiency  of  88  per  cent.,  and  these 
motors  were  worked  from  a  dynamo  having  an  efficiency  of 
92  per   cent,   (both  of  which    are   high  figures  for    ordinary  work 

at  two-thirds  output),  the  figures  would  stand  as  follows : — 

H.P. 
Average  useful  work     ......     100 

Wasted  in  motors  and  dynamo        ....       2-1 

"Wasted  in  leads  (say  2  per  cent.)   ....         2 

"Wasted  in  engine  friction  (as  above)       ...       20 

14G 

It  will  be  seen  that  the  two  sets  of  figures  are  practically  the  same 
as  to  amount  of  power  required.  As  the  electrical  efficiencies  which 
I  have  assumed  are  not  likely  to  be  exceeded,  I  think  it  may  be  said 
that  there  is  no  saving  to  be  obtained  in  horse-power,  and  none 
therefore  in  any  of  the  items  of  cost  directly  dependent  on  horse- 
power, in  cases  where  the  power  wasted  in  shafting  and  belts  does 
not  exceed  25  per  cent,  of  the  whole  average  useful  power.  This  is 
a  ratio  which  any  engineer  can  most  readily  obtain  for  himself,  if  he 
is  not  afflicted  with  that  sense  of  the  insuperable  difficulty  of  making 
any  simj)le  and  exact  experiment  which  still  remains  one  of  the 
obscure  diseases  of  our  profession,  I  have  no  doubt  cases  can  be  found 
where  the  waste  in  large  factories  with  widely  distributed  power 
is  very  much  greater  than  the  projiortion  assumed  ;  and  in  such  cases 
no  doubt  a  saving  in  power  costs  would  occur,  in  addition  to  the  other 
advantages  which  I  shall  have  to  mention  later  on. 

But  at  the  root  of  the  matter  there  probably  lies  one  ultimate 
determining  point,  far  too  often  neglected  in  such  calculations  as 
I  have  just  been  making.  This  point  is,  of  course,  the  real 
absolute  saving  to  be  made,  as  distinguished  from  the  proportionate 
saving.  It  is  of  little  use  to  show  an  engineer  that  he  can 
make  even  20  per  cent,  saving  in  some  one  item  of  expenditure, 
if  that  whole  item  represents  only  3  or  4  i)cr  cent,  of  his  costs,  and 
if  at  the  same  time  he  has  to  exj^end  a  considerable  amount  of  capital 
in  making  the  change.  A  manufacturer  does  not  make  important  and 
expensive  changes,  especially  changes  whose  result  is  by  no  means 
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certainly  to  be  predicted,  in  order  to  bring  about  an  estimated 
saving  of  half  of  1  per  cent,  in  his  total  expenditure.  I  fear  that 
this  is  a  matter  which  may  prove  a  more  serious  diificulty  in  the  way 
of  the  success  of  the  great  Xiagara  scheme  than  any  of  those 
described  by  Professor  Forbes.  In  reference  to  our  present  point, 
it  will  prove  sufficient  to  prevent  the  adoption  of  isolated  motors  in 
engineers'  works  in  all  cases  except  where  the  waste  in  belt  and 
shaft  transmission  is  unusually  great,  or  where  fur  other  reasons 
electrical  driving  is  in  itself  desirable. 

For  the  whole  matter  is  certainly  not  concluded,  either  one  way  or 
the  other,  by  the  single  consideration  of  cost  of  power.  There  can  be  no 
doubt,  on  the  one  hand,  of  the  practical  convenience  of  getting  rid  of  the 
huge  mass  of  shafting,  gearing,  and  belting,  which  fills  up  the  upper 
half  of  many  engineers'  shops,  although  it  is  difficult  to  fix  any  money 
value  for  this  advantage.  There  is  no  doubt  also  that  a  properly 
arranged  motor  may  give  a  much  larger  range  of  speed  to  each  tool 
than  can  be  readily  obtained  in  the  ordinary  way,  and  may  thus  enable 
more  and  better  work  to  be  got  out  of  it,  with  skilful  management. 
Were  it  not  that  such  magnificent  work  has  often  been  turned  out 
in  this  country  from  such  dirty  and  apparently  disorderly  shops,  I 
should  also  say  that  it  was  self-evident  that  every  change  which 
improved  the  general  orderliness  and  tidiness  of  the  shop  must  — 
reacting  upon  the  men  employed — improve  the  output  both  in 
quantity  and  quality.  Under  the  actual  circumstances  one  hesitates 
to  be  dogmatic  on  this  point ;  but  I  incline  to  believe  that  it  is  true, 
and  that  the  good  work  to  which  I  have  referred  has  been  turned  out 
in  spite  of  its  environment,  and  has  been  due  to  exceptional  excellence 
in  workmen  or  managers  or  both,  and  that  with  the  same  men  it  might 
even  have  been  still  better  under  better  working  conditions. 

On  the  other  hand,  it  has  to  be  jjointed  out  that  the  cost  of 
dynamo,  leads  and  motors,  is  greatly  in  excess  of  the  cost  of 
shafting  in  almost  every  case.  It  is  also  hardly  certain  as 
yet  how  the  costs  of  attendance,  lubrication,  renewals  and  repairs  to 
the  electrical  plant,  compare  with  the  similar  costs  in  the  case  of 
shafts  and  belting.  Probably  on  the  whole  they  would  be  less  ;  but 
no  satisfactory  data  on  this  point  exist. 
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There    arise    two    special  cases    whicli  sliould    be    mentioned. 
Where  electrical   energy  can  be  obtained  from    public  mains,   the 
comparison  is  quite  difierent.    The  working  of  the  printing  machines, 
for  instance,  in  the  office  of  the  Pall  3Tall  Gazette,  is  carried  out 
electrically,  the  current  being  derived  from  the  mains  of  the  Charing 
Cross   and   Strand    Electric    Supply  Co.      The   works  in  this  case 
get   rid   of  all  costs  of  engines   and  boilers,  with  all  their  many 
inconveniences,  and  also  gain  in  sjiace  most  of  the  room  occupied 
by  their  old  plant.     Moreover  they  have  a  better  security  against 
breakdown  than  they  could  otherwise  well  afford  to  have  without 
costly  duplication  of  plant.     The  matter  then  becomes  simply  one  in 
which  increased  space,  convenience,  and  security,  are  to  be  balanced 
against  increased  cost ;  and  each  case  has  to  be  considered  on  its  own 
merits.    At  present  it  is  not  vety  certain  how  the  engineer  supplying 
the   electric    energy    ought   to   look   at    such    a    case.      His    chief 
business    is,    and    probably  always  will   be,   to   supply  energy  for 
lighting  purposes.     As  is  sufficiently  well  known,  the   demand  for 
lighting  energy  varies  enormously  throughout  the  twenty-four  hours  : 
so  that  in  fact  a  plant  which  is  giving  2,500  H.P.  for  a  couple  of 
hours  every  day,  and  which  of  course  must  be  large  enough  for  this 
purjDose,  leaving  still  machines  in  reserve,  will  be   giving  only  an 
average  of  350  H.P.  taken  over  the  whole  week,  and  not  even  half  this 
for  many  hours  every  day  and  night.    It  is  of  course  highly  desirable 
to  increase  the  load  during  the  hours  of  light  load ;  and  if  this  could 
only  be  done  without  also  increasing  its  present  maximum,  that  is, 
without  necessitating  increase  of  plant,  engineers  could  afford  to  sell 
the  additional  energy  at  a  very  low  rate  indeed.     Unfortunately  the 
condition  I  have  mentioned  is  impossible.     There  will  always  come 
hours  when,  through  fog  or  other  special  causes,  the  power  load  will 
coincide  in  time  with  the  lighting  load.     And  even  if  this  were  to 
happen  only  once  or  twice  a  year,  the  engineer  must  none  the  less 
provide  plant  for  it  and  keep  the  plant  ready.     The  case  is  not  met 
by   differential    charges   at  different    hours.       The    plant   must   be 
provided  all  the  same,  and  the  additional  outlay  will  not  be  met 
by  the  extra  payment  for  a  few  hours'  work  per  annum.     It   may 
liowever  be  met  very  well  by  the  value  of  the  additional  work  done 
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on  360  days  out  of  365  at  times  wlien  otherwise  nothing  would  bo 
done. 

A  second  special  case  occurs  when  the  cost  of  power  forms  a 
large  instead  of  a  small  2:)roi5ortion  of  the  whole  running  costs  of  the 
works ;  and  no  doubt  in  several  industries  this  happens  to  a  much 
gx"eater  extent  than  in  engineering  works. 

I  will  ask  you  particularly  to  notice  that,  where  electrical  driving 
supersedes  belts,  the  work  is  not  done  any  less  directly  than  before. 
Between  the  engine  and  the  tool  there  stand,  in  the  one  case  belts 
and  pulleys  and  shafts,  twice  or  thrice  repeated ;  and  in  the  other 
case  dynamo  and  leads  and  motor,  with  or  without  a  small  belt  from 
motor  or  machine.  It  is  quite  possible  that  the  actual  mechanical 
efficiency  of  the  belts  is  greater  than  that  of  the  two  electrical 
machines  and  the  leads  between  them.  But  with  the  shafts  and  belts 
the  losses  are  continually  going  on,  whether  or  not  useful  work  is 
being  done  ;  whereas  there  are  no  losses  in  the  motors  unless  they  are 
actually  running  and  driving  tools.  This  brings  the  total  losses 
equal  in  the  case  I  have  supposed,  where  the  waste  work  was  25  per 
cent,  of  the  total ;  and  in  other  cases  may  make  the  electrical  method 
more  economical.  But  the  change  is  merely  a  substitution  of  one 
indirect  method  for  another  equally  indirect  method. 

Electric  Traction. — In  the  third  great  subdivision  of  electric 
power  transmission — for  the  purpose  namely  of  driving  trains  or 
tramcars — we  have  a  state  of  affairs  which  is  entirely  different,  and 
which,  I  am  afraid,  is  by  no  means  so  favourable  to  the  use  of 
electricity  as  is  sometimes  supposed.  In  a  train  drawn  by  an  engine 
in  the  usual  way,  we  have  the  whole  of  the  net  power  of  the  engine — 
exclusive  of  that  spent  in  internal  Iriction  and  in  actually  hauling 
itself  along — say  70  per  cent.*  of  the  gross  indicated  H.P.,  available 

*  In  the  address  as  delivered  this  percentage  was  stated,  and  probably 
overstated,  at  80  per  cent.  But  since  it  was  delivered,  Mr.  F.  W.  Webb  has 
kindly  given  me  i^articulars  of  recent  dynamometer  and  indicator  trials  which 
he  has  made  on  the  London  and  North  Western  Eailway,  in  which  the  draw-bar 
efficiency  works  out  to  a  mean  of  72  •  5  per  cent,  with  two  engines,  each  having 
coupled  axles. 
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for  pulling  its  load  along  tlie  line.  On  an  electric  railway  we  have 
truly  a  somewhat  lighter  locomotive  to  be  moved ;  but  against  this 
advantage  and  the  fact  that  a  stationary  engine  can  have  a  greater 
economy  than  a  locomotive,  we  have  the  uncomfortable  condition  that 
only  some  35  per  cent,  of  the  whole  I.H.P.,  as  against  70  per  cent., 
is  available  for  the  useful  work  of  pulling  the  train.  Moreover  it 
seems  hardly  likely  that  this  low  percentage  will  be  much  increased. 
The  cause  of  the  loss  is  of  course  the  extreme  indirectness  of  the 
j)rocess,  that  is,  the  great  number  of  transformations  through  which  the 
energy  has  to  pass,  in  each  of  which  there  is  always  a  loss.  We  may 
take  figures  which  correspond  with  American  tram  work  approximately 
somewhat  thus,  always  remembering  that  the  average  power  would 
be  less,  probably  much  less,  than  three-quarters  of  the  full  power 
of  the  plant  at  work : — 


Per  cent. 

3Iechanical  efficiency  of  engine 

.     85 

Efficiency  of  belt-driving  (if  employed) 

.     94 

Efficiency  of  dynamo         .... 

.     90 

Efficiency  of  line     ..... 

.     85 

Efficiency  of  motors          .... 

.     85 

Efficiency  of  gearing  on  locomotives. 

.     75 

Total  efficiency 

.     39  per  cent 

From  this  is  to  be  deducted  say  10  j)er  cent,  for  driving  the 
locomotive,  leaving  only  35  per  cent,  for  pulling  the  train.  Where 
there  is  no  gearing,  as  on  the  South  London  Railway  and  elsewhere  in 
this  country,  the  net  efficiency  would  be  raised  to  about  47  jier  cent., 
if  the  other  quantities  remained  as  above. 

I  think  it  may  fairly  be  said  that,  to  a  mechanical  engineer,  the 
greatest  enemy  to  all  economy  is  frequency  of  transformation ;  and 
that  it  is,  or  ought  to  be,  a  fundamental  rule  in  all  engineering 
"work  that  every  unnecessary  transformation,  whether  mechanical  or 
electrical,  should  be  avoided. 

Notwithstanding  this  terrible  drawback,  the  absence  of  foul  gases 
is  of  such  overwhelmingly  great  importance  in  some  cases  that  the 
working  of  the  City  and  South  London  Line  has  only  been  jiossible  at 
all  because  electricity  has  been  employed  instead  of  steam.     This  of 
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course  is  a  case  wliere  mere  economy  of  power  was  not  the  only  or 
even  the  most  essential  thing  sought  for.  In  the  Liverpool  Overhead 
Railway  also  the  conditions  of  the  case  rendered  the  use  of  steam 
locomotives  impossible,  as  the  line  runs  along  a  route  on  which  they 
are  prohibited. 

The  case  of  tram  lines  along  streets  differs  altogether  from 
that  of  an  underground  or  indeed  any  other  railway.  Here  the  steam 
engine  with  its  boiler  is  a  bulky  and  objectionable  affair,  apt  to 
cause  smoke  and  other  disagreeables,  and  unsuitable  for  trains 
which  consist  of  one  vehicle  only,  weighing  less  than  its  locomotive 
would  have  to  weigh.  I  have  often  wondered  why  the  Serpollet  boiler 
and  engine  have  not  been  introduced  for  tram  work.  They  take  so 
little  space  that  they  might  very  possibly  be  put  on  the  car  itself, 
the  car  being  made  reversible  as  at  Manchester ;  but  I  suppose 
some  difficulties  have  been  found ;  at  any  rate  the  jn'oposal  has 
not  been  made,  so  far  as  I  know.  But  apart  from  this,  and  not 
forgetting  the  steam  cars  which  are  actually  at  work  in  certain  places 
in  the  North,  there  is  probably  no  form  of  steam  car  which  would  be 
generally  endured  by  the  public.  Here  again  therefore  electricity 
would  apj)ear  to  come  in  regardless  of  cost,  in  the  same  way  as  with  the 
underground  railway,  although  for  another  reason.  But  here  we  are 
met  at  once  with  the  mechanical  difficulty,  not  existing  of  course  in 
the  tunnel  or  on  the  overhead  railway,  of  getting  the  current  to  the 
motors  on  the  car.  In  America  the  knot  is  cut,  rather  than  untied, 
by  the  use  of  overhead  wires  ;  and  in  country  places  it  is  probable  that 
this  may  be  here  the  best  solution  of  the  problem.  But  in  our  cities, 
where  the  bulk  of  the  tramway  traffic  of  the  country  is  really  carried  on, 
I  am  still  conservative  enough  to  think  and  also  to  hope  that  this  is 
impossible.  Without  forgetting  the  much-quoted  case  of  Buda-Pest 
therefore,  I  fear  that  the  introduction  of  electricity  for  car-driving  in 
this  country  will  still  wait  until  a  practicable  underground  system  of 
conductors  has  been  devised.  Meanwhile  it  is  being  hard  pressed  by 
its  rivals — cable  and  compressed  gas.  Of  the  two  I  think  the  latter, 
although  the  younger,  is  far  the  more  formidable.  It  has  the  advantage 
of  being  even  more  direct  than  a  steam  engine,  the  boiler  being  absent ; 
it  can  be  applied  to   each  individual  car  even  more  easily  than  an 
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electrical  motor ;  and  it  enables  tlie  car  to  run  freely  on  ordinary 
lines  without  their  reconstruction,  and  without  any  mains  either 
above  or  below  ground.  It  has  as  yet  had  but  short  trial,  but 
what  I  have  seen  of  it  makes  me  sanguine  as  to  its  ultimate 
possibilities. 

Before  sj^eaking  more  particularly  about  the  mechanical  aspect 
of  electric-lighting  problems,  I  feel  bound  to  touch  upon  a  matter 
which  arises  directly  out  of  the  question  of  supplying  electric  energy 
for  power  and  for  light  concurrently,  to  which  I  have  already  drawn 
attention.  It  is  a  favourite  bit  of  cheaj)  criticism,  indulged  in  by 
those  who  have  not  to  supply  energy  on  a  large  scale,  at  the  expense 
of  those  who  have,  that  the  latter  class  of  folk  show  their  ignorance 
of  their  own  work  and  interests  by  neglecting  to  obtain  that  enormous 
demand  for  motive  power  which  would  come  on  them  if  only  they 
reduced  their  prices  low  enough.  The  criticism  is  really  as  absurd 
as  that  other  which  censures  the  gas  companies  because  they  do  not 
supply  heating  gas  at  a  few  pence  per  thousand  feet :  which  apparently 
they  would  be  perfectly  able  to  do,  if  only  they  knew  their  own 
business  half  as  well  as  their  critics  do !  In  both  cases  the 
criticism  is  mere  words,  "  signifying  nothing."  We  have  simply 
to  remember  the  fact  that  the  mere  possibility  of  driving 
something  by  electricity  does  not  of  itself  create  the  things 
that  want  to  be  driven.  There  are  isolated  districts  in  London — 
Clerkenwell,  for  instance,  and  the  neighbourhood  of  Fleet  Street — 
in  which  there  is  a  considerable  amount  of  power  of  a  kind  which 
might  be  furnished  electrically  if  the  cost  were  made  sufficiently  low. 
In  most  parts  however  the  whole  energy  expended  in  doing  mechanical 
work  is  but  a  very  small  percentage  indeed  of  the  energy  required 
for  light ;  and  it  would  not  be  increased  in  the  least,  even  if  the 
energy  were  supplied  for  nothing.  When  the  inhabitants  of  Mayfair 
and  Kensington,  for  instance — to  take  these  districts  only  as  typical  of 
many  others — take  to  brushing  their  boots,  washing  their  faces,  and 
serving  their  meals  by  electricity,  a  demand  will  have  arisen  which 
may  perhaps  be  fostered  into  something  worth  considering.  Until 
this  happy  state  of  affairs  comes  about,  I  fear  that  the  demand  for 
motive  power  in  English  residential  and  semi-residential  districts 
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must  remain  a  factor  practically  negligible  in  the  calculations  of  the 
engineer. 

Whether  in  a  purely  manufacturing  district  it  may  ever  be  found 
to  pay  to  put  down  a  central  power  station  and  transmit  power  to 
factories,  each  of  which  would  replace  its  steam  engine  and  boiler  by 
an  electric  motor,  is  a  question  about  which  there  is  a  good  deal  to  be 
said  on  both  sides.  I  have  already  indicated  the  lines  along  which 
I  believe  this  matter  will  settle  itself. 

Electric  Lighting. — I  pass  now  to  the  last  and  largest  section  of 
my  subject,  the  question  of  jiublic  Electric  Lighting  from  the  point 
of  view  of  the  Mechanical  Engineer.  From  the  side  of  the  Public, 
that  is  of  the  users  of  electric  light,  the  essential  points  are  simple  : 
namely  that  the  light  should  not  visibly  flicker ;  that  it  should  not 
be  below  the  declared  pressure,  nor  very  much  above  it ;  that  it 
should  be  available  at  all  hours ;  and  of  course,  most  of  all,  that  it 
should  never  go  out !  But  any  notions  one  might  have  that,  in 
consequence  of  the  simjjlicity  of  this  final  result,  the  means  of 
attaining  it  would  also  be  simple,  are  speedily  dispelled  by  a 
consideration  of  the  facts.  It  is,  alas !  not  sufficient  to  provide  a 
shed,  a  boiler,  a  decently  governed  engine,  and  a  dynamo  or  alternator ; 
and  many  and  sad  have  been  the  disappointments  in  consequence. 
The  fact  is  that,  although  the  final  result  to  be  attained  is 
always  the  same  and  is  always  extremely  simple  and  straightforward, 
the  conditions  under  which  that  result  has  to  be  obtained  are 
always  varying,  and  are  not  only  extremely  complex  in  any  one 
place,  but  are  also  difierent  altogether  in  each  different  place. 
To  members  of  this  Institution  however  I  need  not  point  out 
that  this  is  not  any  cause  for  grumbling ;  the  more  difficult  and 
complicated  the  problem,  the  more  chance  there  is  for  the  engineer 
in  working  out  its  solution. 

I  will  consider  first  those  variations  which  are  entirely  beyond 
the  control  of  the  engineer,  i.e.  the  variations  of  load ;  and  afterwards 
those  w'hich  are  within  his  power,  i.e.  variations  in  the  working  of 
the  station.  To  those  of  you  who  have  practically  to  do  with  these 
matters  the  variations  I   have  to  speak  of  are  absurdly   familiar; 
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but  to  otliers — probably  the  majority — tbey  are  still  sufficiently 
unfamiliar  to  be  of  some  little  interest,  I  have  therefore  prepared 
diagrams  which  may  illustrate  them. 

Diagram  Fig.  1,  Plate  41,  shows  the  variations  of  output  of  a 
lighting  station  during  a  whole  year.  Each  vertical  division  stands 
for  four  weeks.  Irregularities  are  due  to  particularly  foggy  weeks, 
or  to  weeks  in  which  public  holidays  occur,  such  as  Easter  and 
Whitsuntide.  For  the  rest,  the  curve  follows  pretty  obviously  the 
changes  in  daylight,  except  that  the  minimum  occurs  not  in  the  very 
middle  of  the  summer,  but  during  August,  in  consequence  of  the 
large  number  of  private  houses  which  are  shut  up  at  that  time,  while 
the  days  are  still  too  long  to  require  the  use  of  any  artificial  light 
in  shops  which  close  at  seven  o'clock.  This  diagram  corresponds  to 
the  output  at  the  Davies  Street  station  of  the  Westminster  Electric 
Supply  Corporation  during  1893.  The  great  excess  in  the  last 
quarter  over  the  first  is  to  a  considerable  extent  due  to  the  larger 
number  of  lights  which  were  on  circuit  towards  the  end  than  at  the 
beginning  of  the  year.  The  great  drop  in  the  last  week  of  all  is 
due  to  the  fact  of  that  week  including  Christmas  Day  and  Boxing 
Day  as  well  as  a  Saturday  and  Sunday. 

Diagram  Fig.  2,  Plate  41,  shows  the  variations  within  a  week, 
each  vertical  division  standing  for  one  day.  Here  of  course  the 
chief  variation  is  that  which  occurs  on  Saturday  and  Sunday. 

Diagram  Fig.  3,  Plate  42,  shows  the  variations  occurring  within 
one  day,  the  vertical  divisions  each  standing  for  one  hour.  In  this 
diagram  three  days  are  actually  shown,  one  in  December,  one  in 
August,  and  one  in  June  ;  and  it  will  be  noticed  that  the  three  are  very 
different.  In  winter  there  is  practically  always  a  double  maximum, 
one  occurring  about  breakfast  time  or  in  the  forenoon,  after  which  the 
load  falls  off  in  the  middle  of  the  day  and  reaches  its  full  maximum 
towards  evening.  In  the  summer  time  the  morning  load  disappears 
altogether,  and  there  is  only  one  maximum,  which  occurs  much  later 
than  it  does  in  winter.  In  fact  I  have  noticed  that  in  London  the 
average  time  up  to  which  peoi^le  use  electric  light  is  fully  an  hour 
later  in  the  summer  than  it  is  in  the  winter — a  somewhat  intaresting 
fact  in  sociology.     In  August  the  "  peak  "  of  the  diagram  becomes  a 
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minimum,  tlie  private  houses  using  no  liglit  because  tliey  are  closed, 
the  shops  because  the  days  are  still  too  long. 

The  dotted  line  in  Fig.  1,  Plate  41,  shows  in  rather  an  interesting 
fashion  that  the  maximum  load  and  the  maximum  output  by  no 
means  vary  together.  The  maximum  load  is  much  more  constant 
than  the  maximum  output,  and  does  not  vary  nearly  so  fast  or  so 
much.  The  quantity  which  chiefly  varies  is  the  time  during  which 
that  load  lasts  ;  and  this  time  is  of  course  dependent  on  the  hours  of 
sunlight,  or  more  particularly  on  the  interval  between  sunset  and 
closing  or  bed-time.  The  curves  I  have  given  in  Fig.  1  are  both  for 
London,  and  are  consequently  much  affected  by  the  London  "  season  "  ; 
no  doubt  very  different  curves  would  be  obtained  in  other  places. 

Besides  the  variations  shown  in  these  diagrams,  it  is  right  that 
I  should  mention  one  or  two  others.  An  important  class  of 
variations  are  those  which  may  be  said  to  be  due  to  latitude.  In  a 
place  as  far  north  as  Aberdeen,  for  instance,  there  is  practically  no 
night  for  two  months  in  the  year  ;  and  for  a  much  longer  time  than 
this  no  lighting  whatever  is  used  in  shops,  and  hardly  any  in 
private  houses.  On  the  other  hand,  the  hours  of  lighting  in  the 
winter  are  proportionately  longer  than  in  the  south.  The  effect 
upon  the  annual  output  diagram  would  be  not  to  alter  its  area 
considerably,  but  to  thicken  it  up  in  the  winter  and  reduce  it  very 
much  in  the  summer.  As  an  illustration  of  northern  loads  I  have 
shown  in  diagram  Fig.  4,  Plate  42,  load  curves  for  a  winter  and  a 
summer  day,  taken  at  a  little  station  which  was  running  in  Glasgow 
supplying  offices  some  two  years  ago. 

One  set  of  variations  which  puzzles  and  troubles  the  engineer 
very  much  is  the  varying  amount  of  light  thought  necessary  by 
people  in  different  parts  of  the  country.  No  doubt  this  depends  to  a 
considerable  extent  upon  the  nature  of  the  premises  in  which  the  light 
is  used  ;  but  even  this  is  hardly  sufficient  to  explain  the  whole  of  it. 
In  a  purely  residential  district  in  London,  for  instance,  the  average 
energy  used  per  annum  is  only  about  12  units  per  lamp  wired. 
In  a  mixed  district  like  that  of  the  Westminster  Company  it  is 
about  16  units  per  lamp.  In  a  very  rich  district  containing  many 
clubs,  like  that  of  the  St.  James's  Company,  one  is  not  surprised  to 
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find  that  it  amounts  to  22  units  jier  lamp.  But  one  is  on  tlio 
wliole  surjirised  to  find  that  in  Newcastle  it  should  be  as  much  as 
25  units,  and  in  Leeds  27.  It  is  no  doubt  with  less  surprise  that  one 
notices  that  the  consumption  of  38  units  per  lamp  per  annum,  which 
existed  in  Exeter  when  current  was  paid  for  by  contract  and  not  by 
meter,  was  exactly  halved  as  soon  as  consumers  were  made  to  pay 
for  the  amount  which  they  really  used  ! 

There  is  one  set  of  variations  which,  unlike  all  those  mentioned 
above,  is  to  a  certain  extent  under  the  control  of  the  engineer.  I 
mean  the  variations  on  the  two  sides  of  a  circuit  which  is  arranged 
upon  a  three-wire  system.  Here  of  course  the  engineer  in  the 
first  instance  endeavours  to  connect  about  the  same  number  of  lamps 
wired  on  each  side  of  the  system,  and  to  see  that  the  balance  is 
approximately  right,  not  only  over  the  whole  system  but  over  each 
small  section  of  it.  To  this  extent  he  can  control  the  case.  But 
in  spite  of  all  the  care  that  may  be  used  in  this  matter,  a  three-wire 
system  may  often  be  greatly  out  of  balance  for  a  few  minutes  at  a 
time,  owing  to  causes  which  are  entirely  beyond  the  engineer's 
control.  Eapid  changes  in  this  respect  occur  chiefly  within  the 
fifteen  or  twenty  minutes  during  which  load  is  coming  on  most 
rapidly  in  the  afternoon.  In  a  station  when  the  load  was  increasing 
from  2,000  up  to  8,000  amperes,  I  have  frequently  seen  that  in  the 
course  of  ten  minutes  first  the  j)Ositive  and  then  the  negative  side 
would  have  400  or  500  amperes  more  than  the  other.  By  the  use 
of  a  balancing  machine,  which  can  be  transferred  by  a  single  switch 
from  one  side  to  the  other,  the  case  of  course  can  be  met  as  it  arises  ; 
but  it  is  sometimes  a  little  surprising  that  the  changes  should  be  so 
large  and  so  rapid. 

I  have  endeavoured  to  indicate  to  you  some  of  the  great  number 
of  variations  in  conditions,  in  sj)ite  of  which  the  engineer  has  to 
obtain  a  uniform  result.  All  these  variations,  even  the  last  to  a 
great  extent,  are  practically  beyond  his  control.  Some  of  them  occur 
with  considerable  regularity,  and  can  be  foreseen  ;  others  are  most 
ii'regular,  and  come  without  any  warning  whatever.  But  all  of  them 
afi'ect  greatly  both  the  method  and  the  cost  of  production.  The 
method  first,  because  the  cfiiciency  and  regularity ,  of  supply  must 
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be  considered  before  tbe  matter  of  economy.  Any  method  of 
supply  which  was  inevitably  liable  to  breakdowns  and  interruptions 
would  be  wholly  condemned  on  that  ground  alone,  even  if  it 
happened  to  be  of  the  highest  economy.  But  given  any  one  of 
the  many  methods  of  supply  which  are  equally  good  in  the  result  to 
the  consumer,  then  that  method  must  mainly  be  judged  by  its 
economy  under  the  particular  conditions  in  which  it  has  to  work. 
It  will  of  course  be  borne  in  mind  that  the  cost  of  power  production 
in  this  case  is  not  a  mere  3  or  4  per  cent,  as  in  the  case  of  a  factory. 
It  is  50  or  60  or  70  per  cent,  of  the  whole  expenses,  the  balance 
being  expenses  of  management  and  distribution,  along  with  interest, 
depreciation,  and  other  charges  connected  with  capital. 

As  to  the  effect,  then,  of  the  uncontrollable  variations  on  system 
or  economy,  the  first  thing  which  I  have  to  point  out  is  that  their 
madness  is  not  entirely  without  method.  There  are  some  points 
which  are  as  certain  as  it  is  that  all  Members  of  Parliament  will  not 
be  on  one  side,  in  spite  of  the  fact  that  such  a  thing  is  in  imagination 
conceivable !  Two  of  these  are  of  special  importance.  First  of  all, 
there  will  never  be  alight  at  once  more  than  certain  proportions  of 
all  the  lamps  which  are  wired,  either  at  times  of  maximum  or 
cf  minimum  load.  The  highest  maximum  on  the  circuit  of  the 
Westminster  Company  is  about  35  per  cent.,  on  that  of  the  St. 
James's  Company  I  believe  over  60  per  cent.,  of  the  House  to  House 
Company  about  35  per  cent.  In  Glasgow,  where  at  present  the 
light  is  solely  in  the  region  of  offices  and  shops,  the  proportion 
is  as  high  as  56  per  cent.  You  will  see  that  the  j)roportion  depends 
largely  upon  the  nature  of  the  place  where  the  light  is  used.  This 
proportion,  which  of  course  can  be  only  an  estimate  in  any  particular 
place  imtil  the  experiment  is  made,  fixes  for  the  engineer  the 
maximum  number  of  lamps  wired  for  which  a  given  horse-power 
will  supply  current. 

The  highest  minimum  is  an  almost  equally  important  quantity ; 
and  in  most  places  the  engineer  has  to  do  with  two  such  minima,  one 
for  the  day  hours  and  another  for  the  night.  In  a  purely  residential 
district  the  night  load  will  always  be  very  small,  and  the  day  load  will 
be  practically  nil.   In  the  City  of  London  the  day  load,  in  consequence 
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of  the  number  of  dark  places  to  be  lit,  is  considerable,  tlie  nigbt  load 
extremely  small.  In  a  mixed  district  like  that  of  tbe  Westminster 
Company,  the  day  load  in  tbe  middle  of  summer  is  not  greatly  more 
than  the  night  load.  It  is  to  be  noted  however  that  the  night  load  is 
practically  the  same  all  the  year  round,  while  the  day  load,  even 
apart  from  fogs  or  excej)tional  weather,  necessarily  varies  greatly. 
The  highest  maximum  also,  as  we  have  seen,  varies  greatly  at 
different  times  during  the  year,  although  it  never  exceeds  a  certain 
amount.  It  is  also  worth  noticing  that  in  general  the  night  load  on 
a  central  station  will  increase  but  slowly  with  the  growth  of  the 
station.  The  first  consumers  who  take  the  light  are  most  often  those 
who  are  most  in  need  of  it,  who  require  it  for  dark  corridors  and  long 
hours.  Later  on,  thousands  of  lamps  may  come  on  to  a  circuit  in 
shops,  offices,  and  in  ordinary  private  houses,  without  a  single  one  of 
them  being  used  after  midnight.  In  an  average  district  the  day  load 
increases  faster  than  the  night  load,  because  out  of  any  large  number 
of  shops  and  offices  some  are  sure  to  have  dark  places  requiring 
current  in  the  daytime.  But  neither  night  nor  day  loads  increase 
nearly  as  fast  as  the  maximum  evening  load,  which — a  certain  normal 
condition  having  once  been  reached  —  will  increase  exactly  in 
proportion  to  the  lamps  wired.  In  an  alternating-current  station 
where  numerous  isolated  transformers  are  used,  the  night  load 
increases  nearly  proportionately  to  the  day  load,  because  of  the 
increase  of  magnetising  current. 

Sizes  of  Units. — The  determination  of  the  sizes  of  units  to  be  used 
in  any  station  depends  essentially  on  the  probable  values,  absolute 
and  proportionate,  of  the  loads  I  have  mentioned.  It  is  now  a 
commonplace,  although  a  few  years  since  no  one  seems  to  have 
thought  of  it,  that  the  machinery  in  a  station  should  be  so  subdivided 
that,  under  all  sets  of  conditions  which  remain  steady  for  a  few  hours 
at  a  time,  it  shall  be  possible  for  such  machinery  as  is  running  to  be 
kept  running  more  or  less  nearly  fully  leaded ;  only  in  this  way  can 
much  economy  be  hoped  for.  It  must  not  be  taken  however  that 
this  is  a  mere  question  of  arithmetic,  which  can  readily  be  settled 
oft-hand.     In  every  case,  it  is  to  be  hoped,  the  output  of  a  station 
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will  be  mucli  greater  ten  years  hence  than  it  is  today.  The  engineer 
has  not  uncommonly  to  consider  somewhat  difficult  pros  and  cons 
when  he  is  called  upon  to  provide  machinery  which  shall  be  of  such 
a  type  that  it  can  allow  dividends  to  be  earned  during  the  years  of 
growth,  and  yet  remain  still  suitable  in  the  time  of  maturity. 

It  is  further  to  be  remembered  that  this  question  of  the  choice  of 
size  of  unit  is  altogether  modified  in  the  cases  where  condensing 
l^lant  is  used  instead  of  non-condensing.  The  reasons  for  this  I  will 
not  discuss  here ;  I  had  a  good  deal  to  say  about  them  in  a  recent 
discussion  at  the  Institution  of  Civil  Engineers  (Proceedings  1893, 
vol.  cxiv,  pages  73-80).  A  good  condensing  engine  uses  nearly  the 
same  steam  per  I.H.P.-hour  at  any  load  above  half  output.  The 
increased  consumption  per  E.H.P.-hour  is  therefore  proportionately 
much  less  than  in  the  case  of  non-condensing  engines,  and  the 
economical  importance  of  fully  loading  the  machines  is  correspondingly 
minimised  in  stations  where  condensing  plant  is  employed. 

The  question  of  size  of  unit  leads  naturally  to  that  of  the 
necessary  magnitude  of  reserve  in  any  case.  I  think  this  is  a  simple 
matter,  but  no  doubt  it  is  sometimes  wrongly  treated.  To  make  the 
reserve  bear  a  fixed  proportion  to  the  total  plant,  for  instance,  is  a 
method  which  can  only  possibly  come  right  by  a  fluke.  I  will  not 
argue  for  the  necessity  of  a  reserve  ;  that  appears  to  me  to  be  beyond 
any  argument.  The  reserve  is  required  for  two  purposes  :  to  provide 
against  breakdown  of  plant ;  and  to  provide  against  accidental 
increase  of  load  on  special  occasions.  It  is  in  the  primary  conditions 
of  the  case  that  the  light  absolutely  must  never  go  out,  even  if  a 
machine  wholly  breaks  doT\'n  at  the  time  of  full  load.  From  this  it 
follows  as  a  mere  matter  of  arithmetic  that  the  minimum  of  reserve 
must  be  a  unit  equal  in  size  to  the  largest  unit  in  the  station,  so  as 
to  be  capable  of  taking  its  place  if  it  breaks  down.  I  should  have 
thought  that  it  went  without  saying  that  a  machine  of  100  H.P. 
could  not  be  a  reserve  in  a  station  where  other  machines  were  of 
200  H.P.,  had  it  not  been  that  I  have  seen  it  often  stated  that  it 
could  be.  If  an  engineer  considers  that  the  winter,  when  the  full 
load  is  liable  to  come  on  at  any  moment,  is  a  suitable  time  for 
overhauling  his  plant,  it  is  obvious  that  the  reserve  must  be  at  least 
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double  the  miuimum  wliicli  I  Lave  mentioned.  Indeed  most  engineers 
would  prefer  to  have  two  strings  to  their  bow,  and  not  to  know  that 
the  breakdown  of  one  machine  would,  as  long  as  the  breakdown 
lasted,  absolutely  use  up  the  reserve  they  wanted  to  keep  in  case  of 
sj)ecially  heavy  load  coming  on.  This  however  is  a  question  of 
degree  of  caution,  and  some  would  say  also  of  nervousness. 

Those  questions  about  the  running  of  a  lighting  station  which 
are  essentially  matters  of  mechanical  engineering  group  themselves 
mainly  in  three  sections,  according  as  they  relate  to  (1)  security, 
(2)  efiiciency  of  regulation,  and  (3)  economy  of  working.  It  is  obvious 
that  the  fundamental  question  of  the  choice  of  an  electrical  system  in 
any  particular  case  connects  itself  with  all  three  :  but  this  fundamental 
question  I  do  not  propose  to  discuss  here,  partly  because  it  is  not  a 
matter  which  can  be  discussed  in  a  few  words,  and  partly  because  it 
is  to  so  large  an  extent  an  electrical  matter  that  it  does  not  fall 
well  within  the  scope  of  my  present  address. 

Securitij.—Of  the  three  points,  I  have  put  security  first,  because  no 
doubt  the  absolute  certainty  that  nothing  short  of  a  boiler  explosion  or 
of  the  burning  down  of  a  station  shall  stop  the  supply  of  current  is 
really  the  first  condition  of  supply.  Clearly  with  any  machinery  the 
burning  of  an  armature,  the  seizing  of  a  bearing,  or  the  breaking  of 
a  shaft,  is  a  possibility  which  may  have  to  be  faced  at  any  moment. 
Such  things  seldom  occur — very  seldom  hapjiily ;  but  sooner  or  later 
one  or  other  will  come  aboiit,  and  the  engineer  in  charge  has  to  bo 
provided  with  means  for  preventing  any  such  accident  from  having 
more  than  the  most  transient  effect  on  his  light.  Of  course  the 
existence  of  projier  reserve  plant,  such  as  I  have  already  mentioned, 
is  the  first  necessity  of  the  case.  Scarcely  less  important  however  is 
the  necessity  that  such  reserve  should  be  almost  instantly  available. 
Where  all  the  plant  is  running  in  parallel,  i.e.  where  all  tlie  dynamos 
or  alternators  are  working  straight  tlirough  the  same  pair  of  omnibus 
bars  on  the  switch  board,  it  will  often  happen  that  the  other 
machines  which  are  at  work  may  of  themselves  be  able,  at  least  for  a 
few  minutes,  to  take  up  the  load  of  the  one  which  has  broken  down, 
and  so  to  allow  time  for  another  machine  to  get  started.     It   may 
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well  happen  however  that  these  machines  may  be  themselves 
running  nearly  at  full  load,  and  that  the  broken-down  machine  may 
have  had  so  large  a  load  upon  it  that  the  others  cannot  take  it  up. 
In  any  case  a  large  machine,  say  400  H.P.  or  more,  cannot  be  started 
and  got  on  circuit  in  a  few  seconds ;  and  seconds  are  of  importance 
in  these  cases.  For  this  reason,  in  stations  which  use  alternating 
currents,  it  is  usual,  and  probably  necessary,  to  have  one  reserve 
machine  always  warmed  up  and  running  round  at  half  speed,  so 
that  it  is  merely  a  matter  of  opening  a  stop  valve  to  let  it  start 
away  in  a  condition  ready  for  putting  on  circuit,  although  the 
synchronising  in  with  the  rest  of  the  machines  is  unfortunately  at 
present  a  matter  which  always  causes  some  minutes'  delay.  In 
continuous-current  stations  it  frequently  happens  that  a  battery  is 
used,  which  can  give  so  high  a  discharge  for  four  or  five  minutes  as  to 
take  the  place — along  with  the  machines  remaining  on  circuit — of  the 
machine  which  has  given  way,  until  another  machine  has  been  started 
and  put  on.  So  far  as  it  goes,  this  is  no  doubt  a  great  advantage  ;  but 
it  must  be  remembered  that  the  mere  existence  of  a  battery,  and  even 
of  a  battery  quite  sufficient  for  helping  in  day  and  night  light  loads,  is 
not  sufficient  to  ensure  that  the  battery  shall  be  available  for  help  in 
this  fashion.  Two  details  are  easily  seen  to  be  essential,  when  it  is 
remembered  that  the  failure  may  occur  during  the  hours  of  full 
load.  As  the  volts  are  highest  at  such  a  time,  the  battery  must 
not  only  have  sufficient  capacity,  but  must  also;  have  a  sufficient 
number  of  cells  to  give  in  discharge  the  full  E.M.F.  of  the  station  ; 
and  this  will  not  be  the  case  unless  the  engineer  has  specially  provided 
for  it  by  an  unusually  ample  number  of  cells.  Secondly,  the  battery 
must  have  been  fully  charged  beforehand,  so  as  to  have  the  maximum 
E.M.F.  per  cell  available.  This  involves  that  the  battery  charge 
should  Lave  been  completed  during  the  day,  before  the  hour  at 
which  full  volts  could  possibly  be  required  from  it  in  case  of  any 
accident.  A  battery  which  could  only  discharge  heavily  at  215  volts 
would  be  practically  of  no  use  whatever  as  security  against  a  drop 
of  pressure  after  an  accident  which  might  possibly  occur  at  230  volts. 
In  an  alternating-current  station  where  the  machines  are  not  run 
in  parallel,  but  where  each  alternator  supplies  current  to  its  own 
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separate  circuit  or  bimcli  of  circuits,  tlie  sudden  failure  of  a  machine 
must  instantly  cause  extinction  of  light  in  the  circuit  aifected,  for  the 
fraction  of  a  minute  which  must  elapse  before  the  circuit  can  be 
thrown  on  to  other  machines,  or  for  the  few  minutes  which  it  must 
take  to  get  another  engine  started  and  plugged  on.  In  a  station 
worked  on  this  plan  however,  the  machine  which  is  turning  round  as 
stand-by  can  be  kept  excited  and  giving  the  volts  corresponding  to 
its  speed,  and  can  be  plugged  on  in  readiness,  so  that  the  circuit  from 
any  machine  which  has  broken  down  can  be  instantaneously  switched 
on  to  it,  and  it  can  be  run  up  at  once  to  full  E.M.F.,  without  of 
course  any  of  the  delay  which  would  be  unavoidable  if  it  had  to  be 
synchronised  and  put  in  parallel.  It  has  also  to  be  borne  in  mind 
that,  where  a  number  of  alternators  are  running  in  parallel, 
the  breakdown  of  one  may  tend  directly,  in  certain  cases,  to 
endanger  all  the  others — a  trouble  which  does  not  exist  if  circuiting 
be  used.  On  the  other  hand  the  circuiting  system  causes  inevitable, 
if  slight,  flickers  in  the  light,  which  are  quite  avoided  by  running  iu 
parallel.  It  also  necessitates  the  use  of  comparatively  numerous 
circuits,  as  no  one  can  be  allowed  to  carry  more  than  from  SO  to  50 
kilowatts  at  a  time  when  it  is  switched  on  or  off. 

it  must  be  recognised  that  in  one  matter  the  requirements  of 
security  and  of  economy  are  more  or  less  opposed.  If  an  engineer  is 
quite  certain  that,  whether  by  the  help  of  batteries  or  otherwise,  he 
can  bring  his  reserve  into  action  so  promptly  that  the  worst  breakdown 
will  not  sj)oil  his  lighting,  he  will  no  doubt  always  run  each  unit 
of  his  plant  as  nearly  at  its  full  capacity  as  possible.  But  if  for 
any  reason  he  cannot  be  so  sure  of  his  reserve,  he  will  gain  greatly 
in  security  by  running  his  plant  always  so  far  under  its  maximum  that 
he  can  for  a  few  minutes  distribute  the  load  of  any  one  unit  over  the 
rest  without  endangering  them.  But  of  course  this  is  practically 
equivalent  to  underrating  the  whole  capacity  of  the  plant  by  a 
considerable  percentage,  probably  20  per  cent.,  and  consequently  to 
increasing  the  capital  cost  of  the  plant  j)cr  unit  of  normal  maximum 
output  by  just  the  same  percentage — a  result  which  one  docs  not  wish 
to  face. 
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I  have  sjjoken  of  jiossible  breakdown  of  engines  or  dynamos. 
There  are  of  course  other  accidents  to  be  provided  against. 
Short  of  a  boiler  exj)losion,  the  most  serious  of  such  accidents 
would  doubtless  be  one  occurring  to  a  steam-pi^^e.  The  physical 
consequences  of  the  actual  bursting  of  a  steam  -  pipe  are  not 
the  matters  at  present  under  consideration.  In  all  probability 
such  an  accident  would  disorganise  any  station,  no  matter  how 
well  arranged.  But  short  of  the  actual  bursting  of  a  pipe,  many 
things  may  happen  which  may  render  it  necessary  to  shut  down 
a  certain  portion  of  piping.  It  is  generally  necessary  therefore  to 
provide  any  lighting  station  with  something  in  the  nature  of  a 
ring-main  system,  or  its  equivalent,  by  which  any  engine  in  the 
station  can  be  supplied  with  steam  from  either  of  two  directions.  In 
a  projjerly  arranged  ring-main  system  it  should  be  possible  to 
disconnect  or  cut  out  of  use  any  section  of  steam-pipe  which  may  be 
giving  trouble,  Avithout  stopping  a  single  engine.  Of  course  it  is  not 
necessary  to  provide  pipes  so  large  that  under  these  conditions  there 
should  be  only  the  normal  drop  of  jiressure  between  boilers  and 
engines.  One  can  imt  up  with  an  extra  drop  without  grumbling,  if  it 
occurs  only  under  these  circumstances.  It  is  inevitable,  in  order  to 
reach  the  reqiiired  degree  of  security  in  this  matter,  that  the  steam- 
pipe  should  be  fitted  with  a  large  number  of  valves ;  and  these  are 
undoubtedly  objectionable  if  only  on  account  of  the  considerable 
loss  by  radiation  which  is  almost  inevitable  from  their  covers  and 
flanges.  But  after  all,  the  making  of  good  steam  joints  in  large 
pipes  at  150  lbs.  pressure  is  nowadays  a  simple  matter ;  and 
the  unavoidable  comjilexity  of  the  arrangement  is  more  than 
counterbalanced  by  its  usefulness. 

The  duplication  of  the  steam-pipes  must  obviously  extend  to  the 
boilers  as  well  as  to  the  engines.  The  hanging  up  of  a  safety-valve, 
the  blowing  of  a  mudhole  joint,  the  bursting  of  a  tube,  or  any  one  of 
]ialf-a-dozen  other  such  accidents,  may  put  a  boiler  suddenly  hors  de 
comhat.  It  must  be  j)ossible  therefore,  at  the  shortest  notice,  to  cut 
out  any  boiler  without  interfering  with  the  working  of  the  rest. 
Fortunately  boilers  can  be  forced  more  readily  than  engines  or 
dynamos,    and    such    an    accident    could    almost   always    be    met 
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by  somewhat  forcing  tlio  remaiuiug  boilers.  Eeserve  in  boilers 
stands  thus  in  the  same  position  as  reserve  in  machines,  except 
in  so  far  that  the  boilers  can  be  more  easily  forced,  as  I 
have  just  pointed  out.  With  boilers  however,  as  regards  security 
of  working,  there  comes  in  an  even  more  difficult  question  than 
that  of  reserve,  namely  that  of  readiness  for  emergencies  other 
than  breakdowns.  Even  in  London,  where  a  fog  may  cause  the  load 
on  a  station  to  increase  ten  times  in  as  many  minutes,  there  is 
practically  no  difficulty  in  getting  the  engines  started  quickly 
enough.  It  is  otherwise  with  the  boilers,  which,  although  so  easily 
forced  when  actually  in  work,  are  terribly  sluggish  in  getting  uj) 
steam,  as  comjjared  with  the  rapidity  with  which  unexpected  darkness 
used  to  come  over  London,  and  doubtless  will  come  over  again  when 
the  sun  has  recovered  from  its  present  attempt  to  outshine  all 
artificial  lights  !  At  the  most  inconvenient  time  for  a  breakdown, 
namely  the  time  of  full  load,  the  engineer  knows  at  least  that 
an  engine  or  dynamo  accident  can  hardly  affect  him  to  more 
than  15  or  20  per  cent,  of  his  whole  work,  of  which  at  the 
worst  a  considerable  portion  can  in  most  cases  be  taken  up 
by  the  remaining  plant.  But  the  most  inconvenient  time  for  a 
fog  to  come  on  is  at  light  load ;  and  then  the  increase  comina: 
on  in  a  few  minutes  may  be  anything  from  500  to  1,000  j^er 
cent. !  And  the  engineer  must  be  able  to  meet  this  in  June 
as  much  as  in  December,  and  with  even  less  notice.  Practically 
this  means  that  even  in  summer  boilers  enough  must  be  kept  under 
steam — if  not  at  full  pressure,  at  something  near  it — to  be  able  to 
take  up  this  enormous  increase  of  load  in  ten  minutes,  as  soon  as 
ever  their  fires  are  brought  forward  and  their  dampers  opened.  I  am 
speaking  here  of  such  cities  as  London,  or  Manchester',  or  Glasgow. 
Of  course  I  know  that  there  are  happy  j)laces  like  Eome  or  Aberdeen 
where  fogs  are  unknown,  and  where  therefore  all  this  jirovision 
against  them  is  unnecessary.  I  need  hardly  i)oint  out,  after  goin"- 
over  all  these  considerations,  that  it  is  improbable  that  the  fuel 
consumption  per  I.H.P.-hour  in  electric-light  stations  will  ever  reach,, 
or  can  ever  reach,  anything  like  so  Ioav  a  figure  as  has  often  been 
reached  in  first-class  steamers,  whore  the  engines  and  boilers  work  on 
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eoutinuously  day  and  night  at  pretty  miicli  tlieir  most  economical 
load,  and  where  stand-by  boilers  and  reserve  plant  and  duplicate 
pipes  are  unknown. 

I  will  mention  just  one  more  point  as  to  security  of  working  in  a 
station — the  feed  arrangements.  Here  in  London  I  have  several  times 
run  considerable  risk  of  stoppage  from  this  cause.  A  duplication  of 
feed  pumps  and  i)ipes  is  an  obvious  precaution,  and  one  that  probably 
every  one  adopts.  But  few  of  us  can  keep  water  stored  in  sufficient 
quantity  to  last  for  more  than  three  or  four  hours  at  full  load ;  so 
that,  without  special  arrangements,  we  are  liable  to  be  extremely 
inconvenienced  by  any  accident  happening  to  the  mains  of  the  water 
companies  outside,  which  may  compel  them,  on  short  notice  or  even 
no  notice  at  all,  to  cut  off  the  sujjply  for  a  few  hours.  The  best 
arrangements  to  meet  this  contingency  vary  in  different  places  ;  but 
the  engineer  must  not  lose  sight  of  the  fact  that  the  difficulty  is  one 
which  may  occur  at  any  time,  and  from  causes  altogether  beyond  his 
control  or  even  his  knowledge. 

Outside  the  station,  the  question  of  security  comes  in  in  connection 
with  the  mains.  To  a  certain  extent  every  station  which  uses  either 
high  or  low-tension  feeders  has  some  reserve  in  their  very  number. 
When  a  company  has  more  than  one  station,  trunk  mains  led  from 
one  to  the  other  are  also  a  considerable  security,  as  well  as  a  great 
help  to  economy.  Mr.  Frank  Bailey  of  the  Metropolitan  Electric 
Light  Co.  has  carried  out  a  most  excellent  ring  or  looped -main  system 
on  his  high-tension  distributors,  by  which  he  can  make  sure  that  any 
consumers  can  be  suj) plied  in  two  different  ways  round  the  circuit :  so 
that  any  accident  to  the  mains  may  cause  a  minimum  of  inconvenience 
to  a  minimum  number  of  consumers.  In  ordinary  low-tension 
distributing  networks,  the  same  result  should  be  aimed  at,  although 
it  cannot  generally  be  obtained  in  what  the  mathematicians  would 
call  so  "  elegant "  a  manner. 

Many  points  occur  in  connection  with  the  arrangement  of  electric 
mains  which  might  be  discussed  in  this  connection,  as  to  the  means 
for  isolating  and  testing  them,  the  desirability  of  putting  large 
sections  into  parallel  or  working  them  separately,  etc. ;  but  these 
matters  lie  rather  on  the  electrical  than  on  the  mechanical  side  of 
the  subject,  and  I  must  abstain  from  discussing  them  here. 
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Efficienci/  of  Beijidation. — I  Lave  next  to  speak  of  tlie  regulation 
of  an  electric  lighting  station,  as  forming  along  with  its  security  the 
two  matters  which  chiefly  affect  the  consumer  of  electrical  energy. 
All  that  the  consumer  cares  about  is  that  the  pressure  in  his  house 
should  be  steady,  and  should  be  not  less  than  its  nominal  value  and 
not  very  greatly  above  it.  In  all  stations  working  on  a  large  scale, 
this  constancy  of  pressure  in  the  consumers'  houses  necessitates  a 
constantly  varying  pressure  at  the  station,  in  order  to  make  up  for 
the  loss  of  pressure  in  the  mains,  which  is  itself — wholly  or  in  jDart, 
according  to  the  system  of  supply — dej)endent  on  the  amount  of 
current  passing  through,  them.  In  an  ordinary  alternating-current 
station  the  pressure  at  times  of  maximum  load  exceeds  that  at  times 
of  minimum  load  by  about  5  or  6  per  cent.  In  an  alternating-current 
station  with  low-tension  distributors  the  excess  may  be  about  12  or 
15  per  cent.  In  an  ordinary  low-tension  station  with  three-wire  system 
it  may  often  be  20  per  cent.  The  actual  figure  of  course  depends  on 
the  current  density  permitted  in  the  copper ;  but  the  figures  I  have 
given  illustrate  the  sort  of  percentage  which  different  engineers  have 
found  it  advantageous  to  adoj)t  on  a  large  scale. 

The  primary  requisite  for  proper  regulation  is  obviously  enough 
that  the  engineer  shall  know  the  actual  value  at  each  instant  of  the 
pressure  which  he  desires  to  keep  steady.  In  every  case  where  low- 
tension  distributing  mains  are  used,  this  pressure  is  the  pressure  at 
certain  feeding  points  or  at  certain  sub-stations ;  and  it  is  best  known 
at  the  central  station  by  direct  indication,  by  bringing  back  pilot-wires 
or  potential  leads  from  such  points  direct  to  the  station,  and  connecting 
them  to  suitable  voltmeters  there.  In  these  cases  the  regulation 
consists  in  so  running  the  machines  that  the  pressure  indicated  by 
these  voltmeters  is  always  kept  at  the  desired  amount.  What  appears 
to  me  a  less  satisfactory  method  is  sometimes  adopted,  namely 
determining  by  calculation  or  by  experiment  the  loss  of  pressure 
corresponding  to  each  output,  adding  this  loss  to  the  normal 
pressure,  and  regulating  the  dynamos  to  the  corresponding  sum, 
transformed  if  necessary.  Apart  from  the  fact  that  in  this  case  the 
pressure  actually  received  by  the  consumer  is  ^only  estimated 
and    not    really    measured — so    that    the    thing    measured   is  not 
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the  really  important  quantity — there  is  the  additional  drawback 
that  the  regulation  has  to  be  adjusted  to  a  varying  quantity  instead 
of  to  a  constant  one,  and  is  therefore  less  likely  to  be  thoroughly 
satisfactory. 

In  cases  where  distribution  is  by  high  tension  with  isolated 
transformers,  there  is  of  course  no  direct  means  for  keeping  the 
pressure  constant  in  the  consumers'  premises.  If  the  distance 
between  the  nearest  and  the  furthest  consumer  on  any  circuit  is 
much  less  than  the  distance  from  the  station  to  the  nearest  consumer, 
there  may  be  a  reasonably  good  regulation  by  the  indirect 
means  I  have  just  described.  Where  the  distance  from  the  station 
to  the  nearest  consumer  is  small  in  proportion  to  the  distance  from 
the  nearest  to  the  furthest,  no  such  regulation  is  practically  possible  ; 
and  in  fact  in  these  cases  the  section  of  the  copper  must  be  made 
so  large  as  to  reduce  the  drop  of  pressure  within  negligible  limits. 

By  one  or  other  of  the  methods  which  I  have  mentioned,  and 
preferably  no  doubt  by  the  use  of  pilot  lines,  the  engineer  in  the 
station  knows  to  what  pressure  he  is  to  work.  In  every  case  the 
station  must  work  at  a  varying  pressure,  although  in  some  instances 
the  variation  may  not  be  great.  The  highest  pressure  must  occur 
always  at  the  times  of  greatest  load.  Several  means  are  at  the 
disposal  of  the  engineer  for  varying  this  pressure.  Best  of  all  I  think, 
as  being  most  convenient  and  most  easily  controlled,  is  the  provision 
of  sufficient  additional  resistance  in  the  fields  of  the  dynamos  or 
exciters  to  enable  the  magnetic  field  to  be  altered  by  the  mere 
moving  of  a  switch  having  many  contacts.  Of  course  to  a  certain 
extent  this  method  wastes  energy  ;  but  the  quantity  so  wasted  is  so 
small  in  proportion  to  the  whole  that  it  is  not  too  high  a  price 
to  pay.  The  switches  can  be  placed  upon  the  switch  gallery  so  that 
the  whole  of  the  regulation  may  be  done  by  the  man  in  charge 
there,  and  be  quite  removed  from  the  control  of  the  engine-drivers. 
In  order  that  this  method  may  be  satisfactorily  carried  out,  the 
engines  must  be  so  arranged  that  they  can  be  run  entirely  upon  their 
governors,  the  stop-valves  being  opened  fully  as  soon  as  the  machines 
have  taken  up  any  load.  In  this  connection  it  is  worth  while  noticing 
that,  for  continuous-current  machines,  constancy  of  speed — which  is 
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of  course  to  be  dfstinguislied  from  steadiness  of  speed,  quite  & 
different  matter — is  not  in  itself  a  thing  to  be  insisted  on  in  tbe 
least.  The  governor  must  be  so  set  as  entirely  to  prevent  the 
engine  from  racing  in  tlie  case  of  a  sudden  short-circuit  or  other 
breakdown.  But  apart  from  this,  an  alteration  of  five  per  cent, 
or  more  is  not  a  matter  of  the  least  moment.  In  fact  for  practical 
purposes  it  is  generally  better  that  the  governor  should  not  be  too 
finely  set.  Of  course  it  may  happen  that  any  one  engine  may  have 
to  run  at  any  point  throughout  nearly  its  whole  range  of  power  at  the 
same  electrical  pressure.  If  therefore  the  governor  is  so  arranged  a& 
to  allow  of  a  droj)  in  speed  at  full  load,  the  field  resistance  must  be 
so  proportioned  that,  notwithstanding  this  drop,  it  can  either  keep 
the  pressure  constant  or  allow  it  to  be  increased  within  the  desired 
limits. 

A  much  less  satisfactory  method  of  regulation  is  by  means  of  the 
stop-valve,  that  is  to  say,  by  the  engine-driver  actually  opening  or 
closing  his  main  steam-valve  according  to  the  pressure  required.  If 
this  has  to  be  done,  each  engine-driver  must  be  able  to  see 
the  pressure  to  which  he  has  to  regulate  ;  and  instead  of  regulation 
taking  place  by  an  easily  moved  switch  in  the  hands  of  one  man, 
it  has  to  be  carried  out  by  the  action  of  half-a-dozen  stop-valves 
in  the  hands  of  perhaps  as  many  different  men.  The  enormous 
voltmeters  which  were  made  a  few  years  ago,  and  which  I  believe 
are  still  used  in  America  in  some  places,  having  faces  so  large  that 
they  can  be  seen  all  over  an  engine-room,  were  designed  in 
connection  with  this  particular  method  of  regulation.  Regulation 
by  field  resistance  was  perhaps  not  so  well  understood  then  as  it  is 
now.  At  any  rate  I  have  no  doubt  which  method  is  the  better  on 
all  practical  grounds. 

I  have  been  speaking  of  efficiency  of  regulation  so  far  as  it 
affects  or  is  affected  by  the  gradual  alterations  of  load,  such  as  are 
represented  upon  the  diagrams,  Plate  42.  At  times  of  full  load 
this  is  practically  the  only  matter  of  importance,  because  at  such 
times  any  sudden  increase  or  decrease  of  load  is  small  in  proportion 
to  the  whole  load  of  the  station.  But  in  a  station  where  the  load 
every  afternoon  is.  say  1,000  kilowatts,  it  may  easily   happen  that 
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in  the  early  lioiirs  of  the  morning  or  during  a  bright  forenoon 
the  total  load  is  little  more  than  a  hundredth  part  of  this.  In  such 
a  case  the  sudden  thro^ving  on  or  off  of  a  motor  without  proper 
starting  resistance,  or  even  of  a  photographer's  arc-lamp  under 
similar  conditions,  may  increase  or  decrease  the  actual  output 
by  20  or  30  per  cent,  or  even  more.  Such  variations  are  most 
often  excessively  sudden  and  of  extremely  short  duration,  so  that 
they  are  particularly  difficult  to  regulate  for ;  and  one  must  be 
thankful  that  in  the  nature  of  things  they  can  occur  at  times 
■when  a  little  flickering  of  the  light  is  not  noticeable.  In  stations 
which  are  able  to  use  batteries,  there  is  no  doubt  that  the  battery 
acts  practically  the  part  of  a  flywheel  in  respect  to  these  rapid 
variations. 

Economy  of  WorMng. — I  now  come  to  my  last  section,  namely  that 
of  economy  of  working  a  station,  still  looking  at  the  matter,  of  course, 
from  the  point  of  view  of  the  mechanical  engineer.  Economy  of 
working  covers  two  sets  of  questions.  There  is  first  the  reduction  of 
direct  cost  of  coal,  oil,  stores,  water,  and  maintenance  per  unit  or  per 
horse-power-hour ;  and  secondly,  the  obtaining  of  the  greatest  possible 
ratio  between  the  net  useful  and  the  gross  indicated  horse-power. 
Taking  these  matters  in  their  order,  the  question  of  coal  naturally 
comes  first.  In  an  electric-light  station  the  cost  of  coal  averages 
not  far  from  four-tenths  of  the  total  working  expenses.  "While 
however  this  matter  is  so  important,  it  is  yet  one  on  which  so 
much  has  been  said  and  written  that  it  need  not  detain  us  long. 
There  is  no  one  type  of  boiler,  at  least  I  do  not  know  of  any, 
which  is  better  than  all  others  under  the  conditions  of  an  electric- 
light  station.  Indeed  I  would  go  so  far  as  to  say  that  from  the 
point  of  view  of  economy  there  are  five  or  six  types  of  boiler 
which  with  equally  good  stoking  will  yield  equally  good  and  in 
every  respect  first-class  results.  Of  course  any  type  of  boiler  may 
be  badly  arranged  or  badly  proportioned,  may  be  under-worked 
or  over-worked  ;  but  if  an  engineer  is  not  capable  of  so  proportioning 
the  boilers  of  whatever  type  he  adopts  as  to  give  thoroughly  good 
results,  or  of  finding  out  whether  his  results  can  be  improved,  he 
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hacl  better  at  ouce  take  to  some  business  wbicb  is  less  complicated 
tban  tliat  of  scheming  an  electric-ligbt  station.  It  may  no  doubt 
sometimes  be  necessary,  in  order  to  get  a  specially  large  output  from 
a  boiler,  to  provide  it  with  one  of  the  thousand  infallible  nostrums 
for  that  purpose.  So  far  as  my  own  experience  has  gone  however,  I 
think  that  almost  anything  can  be  done  with  a  really  well-designed 
boiler,  if  only  the  engineer  in  charge  knows  how  to  handle  his 
dampers,  and  how  to  deal  with  his  particular  fuel  under  the 
conditions  where  coaxing  is  required.  I  have  lately  had  some 
remarkable  illustrations  of  the  way  in  which  a  j)articular  boiler 
could  have  its  output  increased  60  per  cent,  by  the  application 
of  certain  particular  apparatiTS  to  it ;  and  an  exactly  similar  boiler 
could  then,  when  the  stoker  had  found  out  how  to  manage  his  fires, 
give  exactly  the  same  increase  in  out^jut  without  any  change  being- 
made  in  it  whatever ! 

One  thing  which  tells  greatly  against  the  economy  of  an  electric- 
light  station  in  respect  to  its  evaporation  per  pound  of  fuel  is  the 
circumstance  that,  during  all  day  in  many  places,  fires  must  be  kept 
alight  and  pressures  up  in  boilers  which  are  capable  of  giving  eight 
or  ten  times  the  actual  output ;  and  also  that  in  all  stations  much 
fuel  must  be  expended  in  getting  boilers  ready  for  the  heavy  load 
which  comes  on  only  once  in  24  hours.  These  stand-by  losses  are 
not,  as  one  would  think,  losses  which  get  less  as  the  outinit  of  the 
station  increases  ;  for  the  proportion  which  the  stand-by  boilers  will 
bear  to  the  boilers  actually  used  will  be  practically  constant, 
whatever  the  output  of  the  station.  I  have  found  that  the  total 
stand-by  losses  can  be  reduced  in  some  cases  to  under  8  j)er  cent, 
of  the  total  fuel.  Below  this  I  have  not  yet  succeeded  in  going, 
although  I  hope  a  lower  ratio  will  be  obtained  in  the  future.  I  am 
afraid  it  is  often  considerably  more  than  10  per  cent. 

A  far  larger  proportion  of  fuel  waste  in  a  station  occurs  I  believe 
through  causes  beyond  the  boilers  than  in  the  boilers  themselves; 
that  is  to  say,  it  is  much  more  easy  to  get  a  good  evaporation  jicr 
pound  of  coal  than  a  small  consumption  of  water  per  indicated 
horse-power.  Of  the  causes  which  contribute  to  this,  the  first 
is   undoubtedly   the   great  loss   which   occurs  by   condensation   in 
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the  steam  pipes,  and  by  leakage  througli  drains  and  other  valves, 
before  ever  the  steam  gets  to  the  engines  at  all.     This  is  probably 
much  greater  in  proportion  in  an  electric-light  station  than  in  most 
other  places,  because  the   requirements  of  security  which   I   have 
already   discussed   necessitate  the  use  of  so  elaborate   a  system  of 
steam-pipes,  much  more  elaborate  than  is  found  in  any  other  works. 
Not  only  does  this  system  of  steam-pipes  present  a  large  radiating 
surface,  and  in  various  ways  offer  particular  facilities  for  cooling  the 
steam,  but  also  the  absolute  necessity  of  keeping  the  pipes  clear  of 
water  at  all  times,  so  that  any  section  of  them  can  be  used  safely  at 
a  moment's  notice,  involves  the  use  of  drain  pipes  and  cocks.     These 
necessary   adjuncts   to   a   system   of   steam-pipes,   along   with   the 
apparatus   which    we    call    by    courtesy   steam-traps    and    use    in 
connection  with  them,  are  a  continual  source  of  waste  and  annoyance 
to  the  engineer.     The  di-ain  cocks  get  left  open,  or  if  they  are  shut 
they  leak  themselves  open  ;  the  steam-traps  require  more  looking 
after  than  the  whole  of  the  rest  of  the  machinery  put  together ;  and 
altogether  the  whole  system  of  pipes,  drains  and  traps,  probably  costs 
us   in   many   cases    10   per    cent,    of    our   whole    fuel.      In    some 
experiments  which  I  recently  had  made  I  have  found  the  proportion 
to  be  8*8  per  cent.,  and  I  have  reason   to  think  that  it  is  often 
far  greater.     I  know  of  no  heroic   remedy  which  can  be  applied 
to  the  matter.     Probably  we  have  not  in   general   paid  sufficient 
attention    to    the    proper    covering    of  the    pipes,    including   their 
flanges   and    the   flanges    of    the    stop-valves.     Certainly   we    have 
somehow  not  succeeded  in  obtaining  steam-traps  which  vnll  really 
act  with  any  approach  to  permanent  satisfaction  under  the  trying 
conditions  of  every-day  work.     I  hope  that  the  use  of  superheated 
steam  may  be   found   largely   to   reduce    this   particular  cause  of 
waste.     Apart  from  this  matter  I  know  no  reason  why  any  engine  in 
an  electric-light  station  should  not  work  every  day  and  every  hour 
at  exactly  the  economy  which  the  same  engine  reached  on  special 
trials  made   at   the    same   load   under   the   strict   conditions    of    a 
specification.      I   have    in    fact   on   many  occasions   compared   the 
running   of  engines  in   this   way  with   the   running   of    the    same 
engines  at  the  same  loads  on  their  original  tests.      When  I  have 
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subtracted  the  amount  of  steam  used  for  the  feed  pumps — itself 
a  quantity  which  is  often  altogether  disproportionately  large — the 
difference  was  never  greater  than  I  have  found  to  be  covered  by 
the  condensation  losses  which  I  have  mentioned.  Of  course  it  is 
necessary  to  remember  that  engines  working  in  a  central  station 
at  varying  powers  cannot  be  expected  to  give  average  results  equal 
to  those  obtained  at  full  power  on  trial.  The  results  should  be 
compared  on  the  basis  of  tests  at  corresponding  powers ;  and  in 
order  that  this  comparison  may  be  carried  out,  I  always  have  a 
series  of  graduated  tests  made  before  taking  over  machinery. 

After  the  cost  of  coal  comes  the  cost  of  oil,  water,  and  stores. 
These  three  items  together  cost  on  the  average  about  one-fifth  as 
much  as  the  coal  alone.  Not  much  can  be  said  in  circumstances 
like  the  present  on  the  question  of  economy  in  this  part  of  the 
expenditure,  which  really  depends  altogether  on  the  good  management 
of  the  engineer  in  charge.  Such  matters  as  filtering  the  lubricants 
and  using  them  over  again,  and  preventing  all  needless  waste 
of  water,  are  obviously  to  be  considered.  It  is  perhaps  generally 
sufficient  for  the  engineer  to  find  out  the  lowest  cost  attained 
under  these  heads  in  any  other  station,  and  to  believe  he  can 
do  a  little  better  if  only  he  tries  hard  enough.  Cost  of  repairs 
and  maintenance,  still  more  than  that  of  oil  and  stores,  is  one 
about  which  little  can  be  formulated.  There  is  no  one  tyi)e  of 
engine  or  dynamo,  so  far  as  I  know,  that  can  be  definitely  said 
to  be  ahead  of  all  others  in  respect  of  the  fewness  of  its  repairs. 
There  are  several  types  of  machine  which  in  the  hands  of 
careful  engineers  certainly  give  very  good  results :  although  it  is 
somewhat  difficult  to  compare  the  published  figures  under  this 
head,  on  account  of  the  number  of  electrical  stations  which  are  still 
wholly  or  partially  in  the  hands  of  their  contractors,  and  in  which 
therefore  the  full  amount  of  repairs  does  not  appear  in  the  accounts. 

I  have  mentioned  that  the  economy  of  a  station  depends  on  two 
sets  of  considerations,  namely  the  actual  quantity  of  fuel,  stores,  etc. 
per  indicated  horse-power-hour,  and  secondly  the  actual  relation 
between  the  useful  power  and  the  gross  power.  It  is  obvious  that 
it  would  be  of  no  use  to  save  10  per  cent,  on  the  coal  per  I.H.P.- 
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hour  if  tliat  saving  involved  tlie  use  of  macliineiy  whose  mecliaiiical 
efficiency  was  10  per  cent,  lower  than  it  would  otherwise  be.     This 
brings  us  face  to  face  with  the  question  which  is  always  one  of  the 
most  important  to  the  engineer :  namely,  when  he  has  got  his  horse- 
power in  his  engine  as  cheaply  as  possible,  how  to  arrange  so  as  to 
utilise    the    largest  possible    proportion   of    the   horse-jDOwer  thus 
obtained.     The  utilised  horse-power  is  represented,  in  the  case  of  an 
electric-light    station,    by  the  energy  passing    through    consumers' 
meters  and  paid  for  by  them.     Between  this  useful  horse-j)Ower  and 
the  indicated  horse-j)ower  of  the  engine  there  come,  first  the  loss 
in  the  engine  itself,  then  the  loss  between  the  engine  and  dynamo, 
thirdly    the  loss  in  the  dynamo  itself,  and  fourthly  all  the  losses 
between  the  terminals  of  the  dj^namo  and  the  consumers'  meters.    As 
to  loss  in  the   engine  itself,    this  does  not  appear   to    vary   much 
in  different  types  of  engines  of  first-class  make.      Approximately  it 
may  be  taken  as  about  10  per  cent.,  sometimes  a  little  less,  of  the 
full  power  of  the  engine,  and  as  remaining  nearly  constant  at  all 
powers   as  long  as  the  speed  is   constant.      Thus   the  mechanical 
efficiency  of  an  engine  which  is  90  per  cent,  at  full  load,  will  be 
only  about  80  per  cent,  at  half  load.     The  efficiency  of  a  dynamo  at 
full  load  is  much  higher,  it  may  be  as  much  as  95  per  cent.,  and 
may  be  still  90  per  cent,  at  far  below  half  load.      Thus   the  ratio 
of  electrical  to  indicated  horse-power  in  a  first-class  steam  engine 
and  dynamo  may  be  85  per  cent,  at  full  load,  and  something  like 
75  per  cent,  at  half  load.     This  assumes  that  the  engine  drives  the 
dynamo  direct,  and  that  there  is  therefore  no  loss  in  transmission 
between  them.     I  must  confess  that  it  remains  a  complete  puzzle 
to  me — a  puzzle  of  which  I  have  never  found  any  solution — why 
engineers  should  wish,  in  addition  to  these  practically  unavoidable 
losses,  to  spend  certainly  5  per  cent.,  and  on  the  average  probably 
much    more,    of    the    whole    power    in    their    station,    in    moving 
ropes    or   leather  belts   which   have  nothing  whatever   to    do  with 
the   ultimate   result,   and  which    take  up  an  enormous   amount  of 
space.      The   true   solution   of  the   matter    really  appears   to   me 
to  be   the  use  either   of   quick-running  engines,  as   is  so   common 
in  this  country,  or  of   slow-running  dynamos,   as  is  so  commonly 
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tlie  case  on  the  Continent.  I  am  of  course  speaking  here 
of  driving  by  steam  engines,  not  by  gas  engines,  in  which  Latter  case 
a  number  of  other  considerations  come  in. 

As  most  steam  engines  take  practically  the  same  power  jper 
revolution  to  drive  themselves,  it  is  obvious  that  at  low  powers  an 
increase  of  mechanical  efficiency  will  be  obtained  by  running  at  a 
lower  speed  than  that  used  for  full  power.  This  of  course  requires  an 
adjustable  governor  specially  arranged,  and  a  wide  range  of  control 
in  the  field  regulation.     But  I  think  it  is  worth  doing  in  many  cases. 

The  losses  between  the  dynamo  terminals  and  the  consumers'  lamps 
are,  in  a  low-tension  system,  simply  the  losses  in  the  leads.    In  a 
high-tension  system  they  cover  not  only  the  losses,  in  general  very 
much  smaller,  in  the  leads,  but  also  those  in  the  transformers  as  well. 
This  is  not  a  place  nor  a  time  for  entering  on  a  discussion  of  the 
relative  merits  of  high  and  low-tension  systems — a  matter  which,  by 
anyone  who  is  not  a  partizan  of  one  or  the  other,  could  certainly  not 
be  adequately  discussed  in  any  time  short  of    the   whole  of  that 
occupied  by  this  address.     Moreover  I  need  hardly  point  out  that 
the  choice  of  a  system  cannot  possibly  rest  upon  any  one  single 
point,  such  as  the  relative  magnitude  of  the  losses  from  a  single  cause. 
At  present,  so  far    as   the   figures   to  which  I  have   access   go,  it 
may  be  interesting  if  I  mention  that,  in  the  case  of  a  low-tension 
system  where    the  maximum   proportion  of  loss  in  the  feeders  is 
allowed  to  reach  20  per  cent,  or  thereabouts,  the  actual  average  loss 
of  energy  throughout  the  whole  year  amounts  to  about  10  per  cent. 
This  is  of   course  entirely  due  to  ohmic  resistance  of  the  feeders 
themselves  and  of  the  network.     I  have  no  statistics  by  which  I  can 
compare  feeder  losses  only  in  an  alternating-current  system  with  the 
figure  I  have  just  mentioned  ;   but  so  far  as   those   figures   go   to 
which  I  have  access,  apparently  the  total  losses  both  in  mains  and 
transformers  in  a  high-tension  system  are  not  less  than  25  per  cent, 
of  the  energy  generated.     It  is  probable,  indeed  I  think  it  is  certain, 
that  this   figure  will   be  very  considerably  reduced   where   banked 
transformers   are   employed   with   low- tension    distributing    mains. 
I  hardly  think  however   that  it   can   be   expected  the   total  losses 
will  ever  be  so  low  as  with  a  low-tension  system. 
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I  have  already  alluded  to  the  extent  to  which  the  economy  of  a 
station  is  affected  by  the  average  load  at  which  its  units  are  run. 
To  attain  the  greatest  economy  it  is  obviously  advisable  that  the 
machines  actually  at  work  at  any  moment  should  all  be  as  nearly  as 
possible  fully  loaded.  The  extent  to  which  this  can  be  actually 
reached  in  practice  is  shown  in  diagrams  Figs.  5  and  6,  Plate  43. 
In  one  of  these  it  will  be  seen  that  the  average  load  during  twenty- 
four  hours  is  78  per  cent,  of  the  load  which  would  have  been  reached 
if  the  same  machines  had  run  the  same  number  of  hours,  each  at 
its  full  power.  In  the  other  the  jpercentage  is  58.  What  this 
particular  percentage  may  be  depends  always  on  the  exact  relations 
between  the  load  and  the  size  of  the  units,  and  therefore  in  any 
station  will  vary  greatly  at  different  times  of  the  year.  It  is  not 
at  all  as  easy  however  as  has  often  been  thought  to  make  the  "  load 
factor  " — using  the  exjjression  in  the  sense  of  the  above  ratio — very 
high.  I  find  it  difficult  enough  in  many  cases,  even  with  the  use  of 
comi^aratively  numerous  units,  to  keep  it  up  to  an  average  of  even 
65  per  cent.  Of  course  it  has  to  be  remembered  that,  whether  or 
not  it  is  economical,  the  station  engineer  has  to  make  certain  that  he 
has  sufficient  plant  running  to  take  up  the  work  as  it  comes  on.  It 
is  much  the  less  of  two  evils  that  he  should  have  every  engine 
running  every  day  half  an  hour  before  it  is  wanted,  than  that 
once  a  year  he  should  be  just  too  late  with  one  or  two  of  his 
machines.  When  the  system  of  transformer  sub-stations  comes  to 
be  worked  out  practically  a  little  more  than  it  is  at  present,  I 
believe  that  this  load-factor  problem  will  be  found  to  be  even  more 
troublesome  there  than  it  is  in.  the  engine  room ;  and  that  the  capacity 
of  the  transformers  which  the  engineer  will  consider  it  necessary 
to  keep  on  circuit,  in  order  that  he  may  always  be  safe  against 
breakdown  of  any  of  them,  will  be  considerably  greater  than  has 
been  often  assumed. 

I  would  only  in  conclusion  mention  one  other  matter.  The 
Mechanical  Engineer  may  be  supposed  to  be  of  all  others  one  who 
will  most  naturally  take  to  the  making  of  measurements  of  all 
kinds.     Any  passion  which  he  may  have  for  this  has  ample  scope  in 
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connection  witli  electrical  work.  Electrical  measurements,  at  least 
with  continuous  currents,  can  be  made  more  easily,  with  simpler 
apparatus,  and  more  accurately,  than  any  other  such  measurements. 
I  do  not  doubt  that  this  fact  has  helped  very  much  in  the  extremely 
rapid  j)rogress  made  during  the  last  few  years  in  matters  electrical. 
Apart  altogether  from  the  more  refined  measurements  which  should 
be  made  from  time  to  time  for  special  purposes,  there  is  no  difficulty 
in  getting  continuous  measurements,  self-registered,  with  an  average 
error  of  not  more  than  one  per  cent.,  of  the  current  sent  out  from 
each  dynamo  in  a  station.  The  average  station  volts  can  also  be 
obtained  easily  with  fair  accuracy ;  and  the  amount  of  electrical 
energy  developed  at  the  dynamo  terminals  can  thus  be  continuously 
measured  as  no  other  similar  amount  ever  has  been  measured.  This 
amount  has  to  be  compared  with  the  amount  of  energy  actually  paid 
for,  that  is  with  the  sum  of  the  readings  on  the  meters  of  consumers. 
Some  of  the  electrical  companies  have  published  with  their  annual 
reports  detailed  electrical  balance-sheets  which  show  how  small 
the  quantity  unaccounted  for  now  is.  In  the  Westminster  Electric 
Supply  Corporation  it  was  over  5  per  cent,  in  1891,  3*16  per 
cent,  in  1892,  and  was  still  further  reduced  to  1*28  per  cent, 
in  1893. 

Unfortunately  with  alternating  currents  measurements  are  very 
much  more  difficult  and  troublesome ;  and,  consciously  or  unconsciously, 
I  think  this  fact  has,  to  a  certain  extent,  hindered  their  adoption. 
There  are  now  however  alternate-current  watt-meters  i^ractically 
free  from  error  due  to  circuit  induction,  and  caj)able  of  giving  results 
with  quite  sufficient  accuracy  under  the  actual  conditions  of  station 
practice.  I  believe  that  great  improvements  in  the  economy  of 
alternate-current  working  will  date  in  every  case  from  the  time 
when  the  station  commences  to  make  accurate  determinations — 
based  on  something  different  from  the  engine  driver's  hourly  entries 
in  a  log — of  the  true  energy  generated,  and  of  the  way  in  which  it 
has  been  expended. 

I  am  sufficiently  conscious  of  my  own  weaknesses  to  know  that 
it  is  dangerous  for  me  to  touch  on  the  subject  of  measurements, 
especially    at    the    end    of    an    address    which    has    extended    to 
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SO  great  a  length  as  this.  I  will  not  yield  however  to  the 
temptation,  but  will  be  content  with  simply  having  mentioned  the 
matter.  And  in  conclusion  I  will  only  say  further  that  I  hope 
the  active  Electrical  Engineers  among  our  members  will  forgive  me 
for  having  spent  an  hour  on  such  a  plain  statement  of  matters 
familiar  to  them,  if  I  have  by  this  means  been  able  to  place  before 
our  non-electrical  members  some  intelligible  account  of  the  problems 
at  which  we  are  working,  looked  at  from  their  own  point  of  view. 


Sir  Feedeeick  Beamweil,  Bart.,  Past-President,  said  it  was  his 
privilege,  as  senior  Past-President,  to  ask  the  Members  to  return 
their  grateful  thanks  to  the  President  for  the  Address  he  had  just 
delivered.  It  had  ended  with  most  unnecessary  words  of  apology,  to 
the  effect  that  it  had  dealt  with  matters  well  known  to  many  present, 
and  that  it  had  been  put  forward  for  the  benefit  of  those  who  were 
not  so  thoroughly  acquainted  with  the  subject.  He  felt  quite  sure 
that  every  one  present,  whatever  might  be  his  knowledge  in  the 
special  science  to  which  the  principal  portion  of  the  address  had 
been  more  particularly  devoted,  would  be  grateful  to  Professor 
Kennedy  for  having  marshalled  his  facts  in  the  order  in  which  he 
had  done,  and  for  having  put  so  clearly  before  them  the  relation 
which  those  facts  bore  to  one  another  with  regard  to  the  general 
prosperity  of  a  good  electric  station.  The  President  had  pointed  out 
various  things  that  were  desirable,  but  which  could  not  always  be 
obtained.  One  was  that  it  would  be  a  good  thing  if  fogs  would 
either  give  notice  when  they  were  coming,  or  would  stop  away 
altcgether,  leaving  the  sun  to  exert  its  present  power  of  lighting. 
It   was  true  that,   as  a  shareholder  in  an  electric  undertaking,  he 
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miglit  feel  justified  in  complaining  of  the  manner  in  whieli  the  sun 
had  behaved  during  the  last  year  and  a  half,  causing  dividends  to 
fall  and  electric  current  not  to  be  consumed ;  but  otherwise,  as 
regarded  the  working  of  the  station,  irrespective  of  the  money 
question,  it  would  be  an  advantage  to  know  when  a  fog  was  coming. 
With  regard  to  the  question  of  a  prompt  means  for  meeting  any 
sudden  demand,  he  might  recall  what  was  well  known  to  many 
present,  the  plan  pursiied  at  the  law  courts,  where  there  was  one 
boiler  in  steam,  fitted  with  a  blower  which  was  worked  off  a  donkey 
engine.  There  the  practice  he  believed  was  that,  in  five  minutes 
after  the  demand  made  by  a  judge  or  other  high  ofl&cial,  the  electric 
lights  could  be  in  full  force  ;  and  by  that  simple  arrangement,  in 
the  absence  now  of  batteries,  this  condition  was  always  capable  of 
being  fulfilled,  without  any  considerable  expenditure  of  fuel  during 
the  time  that  the  fire  was  banked  up. 

Irrespective  of  electric  lighting,  the  address  had  dealt  with  the 
driving  of  tools  separately  by  electricity,  so  as  to  supersede  shafting 
and  belting.  On  previous  occasions  he  had  often  referred  to  the 
able  engineer  to  whom  he  had  himself  been  apj)renticed,  Mr.  John 
Hague,  under  whose  guidance  and  advice  many  years  ago  the 
Admiralty  began  to  fit  up  a  factory  at  Woolwich  Dockyard  with 
separate  pneumatic  or  vacuum  engines  for  each  tool,  to  rej)lace  the 
shafting  and  riggers  ;  but  they  had  got  only  a  short  way  through  the 
attempt  when  they  gave  it  up,  and  kept  the  shafting  and  riggers,  as 
was  natural.  How  far  they  would  have  gone  if  they  had  had 
electricity  then  at  their  command,  it  was  impossible  to  say. 

The  Institution  had  to  thank  the  President  for  his  address  as  a 
whole,  and  for  bringing  so  clearly  and  lucidly  before  them  the 
condition  of  a  rising  and  most  important  industry,  and  one  that  was 
well  worth  the  attention  of  the  Members  of  the  Institution  of 
Mechanical  Engineers.  In  passing  the  vote  of  thanks  he  was  sure 
they  would  also  wish  to  congratulate  Professor  Kennedy  upon  the 
fact  of  his  having  received  the  honorary  degree  of  Doctor  of  Laws 
from  the  University  of  Glasgow  ;  while  at  the  same  time  he  was 
equally  sure  that  the  University  of  Glasgow  might  be  congratulated 
upon  having  so  eminent  a  man  to  join  their  ranks. 
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Dr.  William  Anderson,  Past-President,  [said  that,  as  Sir 
Frederick  Brarawell  had  claimed  the  privilege  as  senior  Past- 
President  of  moving  the  vote  of  thanks  to  Professor  Kennedy  for  his 
Address,  so  did  he,  as  junior  Past-President,  claim  that  of  seconding 
it ;  and  he  was  sure  that  all  the  Past-Presidents  between  the  senior 
and  the  junior  would  have  done  so  with  equal  appreciation  of  what 
they  had  just  heard.  Professor  Kennedy  was  himself  an  illustration  of 
what  a  thoroughly  trained  and  educated  mechanical  engineer  could 
turn  his  hand  to.  Thoroughly  well  and  scientifically  educated,  he 
had  served  his  time,  as  he  had  told  them,  in  one  Ibranch  of  the 
profession  ;  he  had  then  further  educated  himself  thoroughly  by 
educating  others,  than  which  he  knew  of  no  better  plan ;  and  now  he 
was  able  to  take  up  an  entirely  new  branch  of  work,  as  if  it  were 
natural  to  him.  A  thoroughly  educated  engineer  could  turn  his 
hands  to  anything  that  came  before  him,  because  he  had  within 
himself  the  foundations  of  engineering  science,  when  he  had  a  grasp 
of  all  the  sciences  which  contributed  towards  it.  He  had  great 
pleasure  in  most  heartily  seconding  the  vote  of  thanks  which  had 
been  proposed  by  Sir  Frederick  Bramwell. 

Sir  Frederick  Bramwell  said  the  motion  was  "  that  the  thanks 
of  the  Members  of  the  Institution  be  voted  to  the  President  for  his 
Address,  and  their  congratulations  be  offered  to  him  upon  his 
reception  of  the  honorary  degree  of  Doctor  of  Laws,  recently  conferred 
upon  him  by  the  University  of  Glasgow." 

The  motion  was  carried  with  apj)lause. 

The  President  thanked  Sir  Frederick  Bramwell  and  Dr. 
Anderson  and  the  Members  of  the  Institution  most  sincerely  for  the 
kind  way  in  which  they  had  spoken  of  and  received  his  Address.  If 
anything  could  have  added  to  the  pleasure  with  which  he  received 
the  vote  of  thanks,  it  would  have  been  the  fact  that  the  "  senior " 
and  "  junior "  Past-Presidents  were  the  two  gentlemen  who  had 
spoken  so  kindly. 
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DESCEIPTION   OF   THE 
GEAFTON  HIGH-SPEED  STEAM-ENGINE. 


"By  Mk.  EDWARD  W.  ANDERSOlSr,  of  Erith.' 


The  simple  and  ingenious  single-acting  Higli-Sj^eed  Engine 
forming  the  subject  of  the  i)resent  paper  is  the  invention  of 
Mr.  Henry  Grafton,  and  its  construction  is  illustrated  in  Figs.  1 
to  5,  Plates  44  to  47.  These  show  the  general  aiTangement  as 
designed  for  working  vertically,  which  is  the  only  form  at  present 
made  ;  though  there  is  nothing  to  prevent  the  same  principles  from 
being  applied  to  horizontal  engines  as  well.  The  leading  idea  of' 
the  design  is  to  combine  the  essential  qualities  of  a  good  high-speed 
engine — namely  economy  of  consumption,  and  high  speed  without 
vibration — with  simplicity  of  construction  and  fewness  of  moving 
parts.  The  size  of  engine  shown  in  the  drawings  is  that  having  a 
single  cylinder  12  inches  diameter  with  6j  inches  effective  stroke. 

General  Construction. — The  engine  consists  of  a  bottom  casting  B,. 
Plates  44  and  45,  arranged  for  bolting  down  to  masonry  or  to  a 
bed-plate,  and  having  at  the  two  ends  recesses  to  take  the  bottom 
brasses  of  the  crank-shaft  bearings.  Upon  this  is  bolted  another 
casting  A,  having  at  the  ends  of  the  bottom  flanges  corresponding 
recesses  for  the  upper  brasses  of  the  crank-shaft  bearings.  Facings 
are  provided  on  the  sides  of  these  two  castings,  such  that  two  large 
doors  D  can  be  put  on  for  closing  up  the  lower  jiart  of  the  engine 
altogether :  so  that  the  crank-shaft  C  may  run  in  an  oil  bath,  and  yet 
can  be  readily  examined  in  a  few  minutes  by  removing  one  or  both 
doors.  The  position  of  the  doors  is  so  arranged  that  the  necessary 
amount  of  oil  does  not  rise  above  the  bottom  edge  of  the  openings  ; 
so  that,  when  the  level  is  right,  no  oil  need  bo  run  out  before 
removing  either  or  both  of  the  doors. 
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Cylinder. — The  upper  easting  A  has  the  cylinder  formed  in  it  by 
means  of  two  loose  liners  shrank  or  forced  in,  one  from  each  end, 
till  they  nearly  meet,  Plate  47,  The  space  left  between  them  forms 
the  steam  admission  port  S ;  and  as  its  width  is  the  circumference  of 
the  cylinder  bore,  its  length  is  only  required  to  be  small,  in  order  to 
get  a  large  area  of  opening.  Communication  with  the  steam-pipe  is 
effected  through  an  external  annular  channel  in  the  casting.  Pigs.  1 
and  4,  directly  surrounding  the  space  or  admission  port.  At  a  little 
distance  from  the  steam  port  the  upper  liner  has  a  circle  of  holes 
drilled  through  it,  which  open  into  a  similar  external  annular 
channel  E  communicating  with  the  exhaust  branch,  Figs.  1  and  3. 

Pistons. — The  liners  are  open  at  both  ends,  forming  a  cylinder 
without  covers,  Plate  47,  in  which  two  cast-ii'on  pistons  P  and  V 
reciprocate  in  the  following  manner.  The  lower  P  is  an  ordinary 
trunk-piston  of  somewhat  peculiar  shape,  and  has  a  connecting-rod 
attached,  working  upon  the  centre  throw  of  the  crank-shaft,  Plate  45. 
The  upper  piston  Y  is  likewise  of  peculiar  form,  and  serves  both  for 
a  piston  and  for  a  valve.  It  is  essentially  a  short  cylinder,  having  a 
strong  diaphragm  across  the  middle  of  its  length  ;  and  just  below  the 
diaphi-agm  a  circle  of  holes  is  cast  through  the  rim  of  the  piston, 
which  communicate  therefore  with  the  space  between  the  two  pistons. 
The  diaphragm  has  a  hemispherical  recess  bored  out  in  it,  which  is  lined 
with  white-metal,  and  receives  a  steel  ball  attached  to  a  cross-head  ; 
the  latter  spans  across  the  cylinder,  and  acts  on  two  outer  throws  of 
the  crank-shaft,  by  means  of  a  connecting-rod  attached  to  each  end. 
A  suitable  cap  prevents  the  ball  from  leaving  the  hemispherical 
recess  in  the  piston. 

Princijile. — The  principle  upon  which  the  new  engine  is  based 
may  be  best  understood  by  imagining  an  ordinary  single-acting 
engine  having  a  single  cylinder  12  inches  diameter  with  6^  inches 
stroke,  but  having  a  slide-valve  40  inches  in  breadth,  travelling 
3^  inches,  and  working  over  ports  about  38  inches  wide  by  ^  inch  long ; 
the  angle  of  advance  of  the  eccentric  being  67^  degrees,  which  with 
the  necessary  lead  would  give  a  distribution  of  steam  such  as  is  shown 
in  the  valve  diagram,  Fig.  8,  Plate  49.      Such  an  engine  would  of 
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course  be  a  practical  impossibility,  not  to  say  a  monstrosity,  in  view 
of  the  escossivo  friction  of  the  slide-valve  and  the  huge  waste 
spaces  in  tbe  ports  and  passages.  For  bigb  speed  it  would  be  quite 
impracticable,  on  account  of  the  enormous  weight  and  momentum  of 
a  slide-valve  of  such  proportions.  Nor  would  a  piston-valve  of  the 
same  stroke  and  giving  the  same  openings  do  any  better,  as  the  waste 
spaces  would  be  still  greater  than  with  a  D  slide-valve,  although  the 
excessive  friction  would  be  absent ;  such  a  piston-valve  would  req[uire 
to  have  a  diameter  equal  to  the  diameter  of  the  engine  cylinder. 

The  new  engine  however  has  all  the  advantages  without  any  of 
the  defects  pertaining  to  the  imaginary  engine  just  mentioned ;  and 
moreover  it  is  even  free  from  the  unbalanced  moving  weights  and  the 
waste  spaces  of  a  simple  engine  of  ordinary  design  taking  steam 
during  nearly  the  whole  stroke.  Firstly,  as  regards  waste  spaces, 
the  steam  is  cut  off  close  to  the  very  bore  of  the  cylinder,  instead 
of  at  a  distant  valve-face  with  long  or  large  passages  between. 
Secondly,  the  weight  of  the  piston  and  the  weight  of  the  piston- valve, 
instead  of  each  alike  being  wholly  unbalanced  as  in  the  imaginary 
engine,  act  in  the  same  line  and  for  the  most  part  in  opposite 
directions,  so  as  nearly  to  balance  each  other,  with  the  result  that 
the  unbalanced  moment  is  small.  Thirdly,  the  valve,  instead  of 
being  a  moving  j)art  that  is  idle  as  regards  the  transmission  of  power, 
performs  the  same  function  as  an  ordinary  piston  in  applying  the 
elastic  force  of  the  steam  to  rotate  the  crank-shaft ;  and  it  does  this 
to  even  a  greater  extent  than  what  may  be  termed  the  piston  proper, 
namely  the  lower  piston.  Fourthly,  the  valve  friction  is  no  greater  than 
that  of  an  ordinary  piston-valve  of  the  same  dimensions  and  stroke. 

The  engine  thus  consists  essentially  of  two  pistons  working  in  the 
same  cylinder,  and  for  the  most  part  in  opposite  directions,  coujjled 
to  cranks  on  the  same  crank-shaft.  The  upper  piston  acts  as  a 
steam-distribution  valve,  working  over  circumferential  steam  and 
exhaust  ports  in  the  cylinder :  it  thus  forms  a  j)iston-valve  workinn- 
in  the  cylinder  itself  as  its  valve-chest.  If  the  cranks  were  exactly 
opposite  each  other,  and  the  obliquity  of  the  connecting-rods  were 
disregarded,  and  the  moments  of  the  two  pistons  were  equal,  a 
perfectly  balanced  engine  would  bo  realised.     But  as  the  timing  of 
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the  movement  of  the'  pistons  with  regard  to  each  other,  and  of  the 
valve-piston  with  regard  to  the  cylinder  ports,  would  be  symmetrical 
in  both  the  outward  and  inward  strokes,  such  an  engine  would  be 
equivalent  to  an  ordinary  engine  having  the  eccentric  set  diametrically 
opposite  to  the  crank.  Consequently  the  periods  of  admission  and 
lead  would  be  equal  to  each  other,  as  would  also  the  periods  of 
expansion  and  compression :  with  the  result  that  the  engine  would 
run  indifferently  in  either  direction,  but  the  power  developed  would 
be  small,  being  only  the  excess  of  the  power  developed  in  the 
expansion  above  the  power  absorbed  in  the  compression. 

In  order  that  the  power  developed  may  be  commensurate  with 
the  size  of  the  engine,  this  symmetrical  arrangement  is  disturbed, 
the  cranks  being  placed  at  an  angle,  preferably  135°,  so  that  the 
time  of  the  movement  of  the  pistons  in  regard  to  each  other  does 
not  coincide  with  that  of  the  movement  of  the  valve-piston  with 
regard  to  the  cylinder :  that  is  to  say,  when  the  two  pistons  are  at 
their  greatest  or  least  distance  apart  the  valve-piston  is  not  at  the 
end  of  its  stroke.  This  difference  of  timing  gives  the  same 
distribution  as  would  be  obtained  in  an  ordinary  engine  having  the 
same  difference  of  timing  between  the  piston  and  the  valve.  In 
comparison  with  an  ordinary  engine,  the  port  in  the  upper  or 
distributing  piston,  as  it  may  be  called,  is  analogous  to  the  steam 
port  of  an  ordinary  cylinder ;  and  the  surface  between  the  steam  and 
exhaust  ports  in  the  cylinder  is  equivalent  to  the  cover  face  of  an 
ordinary  slide-valve :  the  upper  edge  of  the  steam  port  S,  Plate  47, 
represents  the  steam  edge  of  the  ordinary  slide-valve,  and  the  lower 
ed»e  of  the  exhaust  port  the  edge  of  the  exhaust  cavity  in  the  slide- 
valve  ;  but  with  this  difference  that,  whereas  in  an  ordinary  engine 
the  cylinder  port  is  stationary  and  the  valve  is  moved,  here  it  is  the 
valve  which  is  stationary  and  the  cylinder  steam  port  that  moves.  It 
will  be  seen  that  the  engine  will  now  run  in  one  direction  only,  the 
leading  crank  being  that  of  the  valve-piston,  as  shown  by  the  arrow 
in  Plate  44. 

Length  of  StroJce.— The  effective  stroke  of  the  engine  would 
equal  the  simi  of  the  strokes  of  the  two  pistons,  if  their  cranks  were 


ArniL  1894,  HIGH-SPEED   ENGINE.  217 

diametrically  opposite  eacli  other.  It  would  be  nil  if  the  cranks 
were  coincident  in  angular  position  and  of  the  same  radius,  since  the 
pistons  would  move  together  as  one  ;  and  if  the  cranks  coincided  in 
angular  position,  but  were  of  different  radius,  the  effective  stroke 
would  be  equal  to  the  difference  of  the  strokes  of  the  pistons.  It  is 
•obvious  therefore  that  the  effective  stroke,  that  is,  the  movement  of 
the  pistons  in  regard  to  each  other,  is  equal  to  twice  the  length  of 
"the  line  joining  the  centres  of  their  crank-throws,  measured  in  the 
plane  of  rotation,  disregarding  the  obliquity  of  the  connecting-rods. 
The  length  of  this  line  therefore  corresponds  with  the  effective 
crank-throw ;  and  the  angle  which  this  line  makes  with  the  crank 
controlling  the  movement  of  the  valve-piston  is  the  complement 
of  the  angle  of  advance  of  this  effective  crank  considered  as  an 
eccentric  actuating  a  valve.  The  formula  for  calculating  the  effective 
stroke  c  is  the  following  : — given  the  crank  radii  a  and  h  of  the  two 
pistons,  forming  the  two  sides  of  a  triangle  and  containing  the 
angle  0,  then  the  third  side  or  hypothenuse  c,  which  is  half  the 
effective  stroke,  is  found  by  the  equation  c^  =  a-  +  &-  —  2  ah  cos  $. 

Steam  Distribution . — The  theory  of  the  engine  will  be  more  fully 
xinderstood  by  reference  to  the  valve  diagram  Fig.  6,  Plate  48,  which 
is  the  one  used  by  the  inventor.  The  two  concentric  circles  A  and  B 
represent  the  paths  of  the  crank  centres  about  the  crank-shaft  O  ; 
"the  larger  B  represents  the  crank  path  of  the  valve  or  upper 
distributing  piston,  and  the  smaller  A  is  the  crank  path  of  the 
lower  piston.  The  position  shown  of  the  cranks  OA  and  OB  is  that 
which  corresponds  with  the  commencement  of  admission.  The  line 
AB  joining  the  crank  centres  represents  the  effective  crank ;  and  the 
largest  circle  C,  struck  with  this  radius,  represents  the  path  of  the 
effective  crank  about  the  valve-crank  taken  as  a  centre  at  the 
commencement  of  admission.  The  vertical  diameter  of  this  circle 
is  consequently  taken  to  represent  the  effective  stroke  line.  A 
horizontal  line  AD  gives  the  point  of  admission  D  on  the  vertical 
stroke-line.  The  horizontal  line  BB^  drawn  from  the  valve- 
crank  centre  B  rei)resents  the  admission  edge  of  the  steam  port ; 
and   the   vertical  distance    OE    of    this   horizontal   line   from   the 
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shaft  axis  0  rei^resents  tlie  lap  on  the  steam  side ;  Tvliilst  its 
maximum  distance  EF  from  the  nearest  extremity  of  the  vertical 
diameter  of  the  circle  B  described  by  the  same  crank  is  the 
maximum  steam  opening.  The  cut-off  takes  place  Avhen  the  valve- 
crank  centre  arrives  at  the  point  Bj  where  the  same  horizontal  line 
BBj^  again  cuts  the  circle  B ;  and  if,  when  the  valve-crank  centre 
is  at  this  point  B^,  a  line  be  drawn  from  the  centre  of  the  largest 
circle  C  jjarallel  to  the  then  corresponding  position  of  the  effective 
crank  B^  A^  and  cutting  the  largest  circle  at  Cj,  a  horizontal  line 
Gi  D^  drawn  from  Cj^  will  give  the  point  of  cut-off  Dj^  on  the  vertical 
stroke-line.  The  horizontal  line  B^  B3  above  the  crank-shaft  O 
represents  the  effective  edge  of  the  exhaust  port;  and  its  vertical 
distance  OEj^  from  the  shaft  centre  O  rejn'esents  the  exhaust  lap, 
whilst  E]^  F^  represents  the  maximum  exhaust  opening.  The 
intersection  of  this  line  B^  B3  with  the  valve-crank  circle  is 
consequently  the  jioint  B2  in  the  revolution,  at  which  the  exhaust 
takes  place  ;  and  if,  when  the  valve-crank  centre  is  at  this  point  B^, 
a  line  be  drawn  from  the  centre  of  the  largest  circle  C  parallel 
to  the  then  position  of  the  effective  crank  B^  Ao  and  cutting  the 
largest  circle  at  Co,  a  horizontal  line  C.^  Do  drawn  from  Co  will 
give  the  point  of  release  D2  on  the  vertical  stroke-line.  Similarly 
by  drawing  a  radial  line  BC3  from  the  centre  to  the  circumference  of 
the  largest  circle  C,  parallel  to  the  positionof  the  effective  crank 
B3  A3  at  the  moment  of  the  closing  of  the  exhaust  in  the  return 
stroke,  the  point  of  compression  D3  may  be  found  on  the  stroke 
line.  In  the  same  way  may  be  found  any  other  point  in  the  stroke, 
corresponding  with  any  other  position  in  the  revolution  of  the 
cranks. 

As  an  attempt  to  render  the  distribution  yet  clearer,  a  modified 
valve-diagram  is  shown  in  Fig.  7,  Plate  48,  in  which  the  effective- 
crank  circle  C  is  drawn  concentric  with  the  circles  B  and  A  of  the 
upper  or  valve-piston  and  the  lower  piston,  all  three  circles  having 
their  common  centre  at  0.  Here  the  four  radii  OC  to  OC3  are  drawn 
parallel  to  the  same  four  successive  i)ositions  of  the  effective  crank 
AB  to  A3B3  as  in  the  previous  diagram,  Fig.  6.  The  points  where 
these   radii   cut    the   effective-crank   circle  indicate   as    before   the 
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angular  positious  of  the  points  of  admission,  cut-off,  release,  and 
comj)ression ;  and  by  drawing  horizontal  lines  from  them  to  intersect 
the  vertical  diameter  of  the  circle,  the  approximate  points  in  the 
linear  stroke  may  be  obtained  by  measurement,  in  percentage  of  the 
total  effective  stroke. 

Zeuner's  well-known  slide-valve  diagram  may  also  be  used,  as 
shown  in  Fig.  8,  Plate  49,  which  is  drawn  to  suit  the  imaginary  engine 
l^reviously  referred  to,  with  the  same  steam  lap  of  If  inch  and  the 
same  exhaust  lap  of  ^  inch  as  in  the  two  diagrams  already  considered. 
Comparing  the  results  with  those  obtained  in  Figs.  6  and  7,  it 
will  be  found  that  all  three  practically  agree ;  by  measurement  the 
cut-off  is  shown  to  take  place  at  25  per  cent,  of  the  stroke,  release 
at  81  per  cent.,  closing  of  exhaust  and  commencement  of  compression 
at  54  per  cent,  of  the  return  stroke,  and  lead  or  admission  at 
97^  per  cent,  of  the  return  stroke.  In  Fig.  8  the  shaded  portions 
S  and  E  in  the  two  valve-circles  show  the  necessary  lengths  of  the 
steam  and  exhaust  ports  in  order  to  get  a  suitable  area  of  passage 
through  them  ;  and  it  will  be  noted  that  the  travel  of  the  valve  is 
more  than  sufficient  to  open  each  of  them  fully. 

Yet  another  way  of  regarding  the  action  of  the  engine  is  to 
consider  the  actual  motion  of  the  lower  piston  relative  to  that  of  the 
valve  ;  and  then  to  see  the  influence  that  the  conversion  of  the  valve 
into  the  upper  piston  has  upon  the  final  result.  For  this  purpose 
another  Zeuner  diagram  has  been  prepared  in  Fig.  9,  Plate  49,  as 
if  the  lower  piston  worked  in  a  closed  cylinder,  and  received  steam 
from  the  upper  jHston  acting  simply  as  a  piston-valve  driven  by  an 
eccentric  which  makes  an  angle  of  135°  with  the  lower-piston  crank. 
The  result  is  that  admission  of  steam  takes  place  shortly  after  the 
commencement  of  the  outward  or  down  stroke,  cut-off  shortly  before 
the  half  stroke,  release  at  about  94  per  cent,  of  the  stroke,  and 
compression  at  a  little  less  than  three-quarters  of  the  return  stroke. 
Supposing  now  there  are  two  pistons  moving  in  precisely  opposite 
directions,  and  still  the  same  independent  valve,  the  only  effect  will 
be  that  the  stroke  will  be  doubled,  if  the  crank-throws  are  equal, 
without  altering  the  distribution  at  all ;  that  is  to  say,  the  indicator 
diagram  will  remain  the  same.     But  if  the  crank  of  the  upper  piston 
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is  not  opposite  to  that  of  tlie  lower,  but  at  the  same  angle  to  it 
as  the  valve  eccentric,  the  distribution  will  evidently  be  completely 
altered  ;  and  if  by  a  last  step  in  the  evolution  of  the  engine  the  u.pper 
piston  is  made  to  act  as  the  valve  also,  the  new  distribution  is  not 
again  altered,  but  the  engine  is  greatly  simj)lified. 

In  order  to  ascertain  how  the  upper  piston  with  its  crank  at  an 
angle  to  that  of  the  lower  piston  alters  the  distribution,  it  is 
necessary  to  trace  through  the  movements  of  both  pistons  during  a 
complete  revolution.  In  the  first  place  the  dead  jioints  of  the  engine 
now  occur  at  different  places  from  those  of  either  piston  alone  : 
namely  when  the  two  pistons  are  closest  together  and  farthest  apart. 
This  is  evidently  the  case  when  the  line  joining  the  centres  of  the 
two  crank-pins  projected  upon  the  same  plane  is  parallel  to  the  axis 
of  the  cylinder :  which  happens  of  course  twice  in  each  revolution, 
with  an  interval  of  exactly  half  a  revolution  between.  With  equal 
crank-throws  the  position  of  the  effective  dead  points  is  thus 
behind  the  dead  points  of  the  lower  piston  to  the  extent  of  half 
the  supplement  of  the  angle  of  the  cranks  :  that  is,  to  the  extent  of 
22^  degrees  when  the  equal  cranks  are  at  135  degrees  apart. 
If  then  the  stroke  is  commenced  from  the  closest  position,  it  will 
be  found  that  the  two  pistons  at  first  move  in  the  same  downward 
direction,  the  upper  with  decreasing,  the  lower  with  increasing 
velocity,  till  the  connecting-rod  of  the  upper  is  vertical ;  after  which 
it  begins  to  recede  from  the  lower  piston,  and  the  space  between 
them  increases  rapidly.  When  the  lower-piston  crank  has  moved 
through  about  Sd^  degrees  from  its  own  dead  point,  or  about 
61  degrees  from  the  effective  dead  point  of  the  combination,  the 
upper  or  valve-piston  cuts  off  the  steam.  At  this  period  the  net 
movement  of  the  upper  piston  from  the  effective  dead  point  will  have 
been  much  less  than  that  of  the  lower  piston,  because  the  upper  has 
both  advanced  and  receded  ;  and  the  amount  of  its  net  movement  is 
clearly  the  extent  that  the  steam  port  was  open  for  the  lead  at  the 
commencement  of  the  effective  stroke.  Adding  therefore  this  amount 
of  effective  motion  to  the  motion  of  the  lower  piston,  the  ratio 
between  their  sum  and  the  total  effective  stroke  is  the  ratio  of  cut-off. 
The  actual    figures   can    be  obtained  from   the  diagram,   Fig.   9, 
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Plate  49,  by  adding  upon  it  the  radius  OB,  making  an  angle  with  the 
axis  OX  equal  to  the  difference  between  the  position  of  the  cranks  at 
the  commencement  of  the  actual  downstroke  of  the  lower  piston 
and  at  the  commencement  of  the  effective  stroke,  that  is  in  this  case 
an  angle  of  22^  degrees.  The  radius  OB  will  cut  the  lap  and  valve 
circles  in  the  points  C  and  D  ;  and  the  space  between  these  points, 
which  measures  0*25  inch,  gives  the  lead  or  the  amount  that  the 
steam  port  is  open  at  the  commencement  of  the  effective  stroke.  As  it 
happens  in  this  case  that  the  sum  of  the  steam  lap  If  inch  and  the 
lead  j^  inch  is  equal  to  the  half  stroke  If  inch  of  the  lower  piston,  the 
stroke  circle  is  drawn  with  the  radius  OD,  which  is  equal  to  that  of 
the  lower-piston  crank;  and  perpendiculars  to  the  axis  OX  being 
drawn  from  the  commencement  of  the  effective  stroke  at  D  and  from 
the  point  of  cut-off  at  E,  the  distance  between  these  perpendiculars 
gives  the  amount  that  the  lower  piston  has  moved  from  the  effective 
dead  point,  which  in  this  case  measures  1*3  inch.  Therefore  the 
combined  effective  motion  of  the  two  pistons  up  to  the  point  of 
cut-off  has  been  1*3  -\-  0-25  =  1*55  inch:  the  ratio  of  which  to 
the  total  effective  stroke  6  •  25  inches  is  24-8  per  cent,  or  practically 
one  quarter,  thus  giving  the  same  result  as  is  obtained  from  the 
previous  diagrams  Figs.  6,  7,  and  8.  Similarly  the  effect  of  the 
combination  on  any  other  jioints  in  the  distribution  may  be 
ascertained. 

None  of  the  foregoing  diagrams  take  account  of  the  obliquity 
of  the  connecting-rods ;  and  therefore  in  Plate  50  another  is  given 
which  does  so,  but  is  somewhat  more  troublesome  to  construct. 
Hero  the  path  of  each  piston  is  set  out  geometrically  as  a 
continuous  curve  plotted  along  a  straight-line  base  representing 
the  angular  motion  of  the  cranks,  as  if  the  return  stroke  were  added 
on  to  the  forward  stroke  in  the  same  direction,  thus  producing  a 
wavy  line.  If  these  two  waves  arc  now  placed  together  in  a  position 
equivalent  to  that  due  to  the  relative  angular  displacement  of  the 
cranks,  and  so  that  at  one  point  in  each  revolution  they  touch,  then 
that  point  will  denote  the  position  of  minimum  distance  between  the 
pistons,  or  the  commencement  of  the  stroke.  It  will  then  be  possible 
to  find  the  point  M  where  the  distance  between  the  two  curves  is  a 
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maximum,  and  tliis  will  give  the  end  of  tlie  stroke.  Moreover,  if 
lines  at  right  angles  to  tlie  axis  of  the  iipjier  or  distributing  piston 
are  drawn  representing  the  port  edges  AA  and  BB,  the  points  cut  by 
them  in  the  curves  "svdll  give  the  distribution  as  before.  The  effect 
of  variation  of  the  crank  angle  can  be  well  shown  from  this  diagram, 
by  displaciag  the  two  curves  with  respect  to  each  other  ;  it  will  be 
seen  at  once  from  the  two  dotted  positions  how  the  effective  stroke 
alters  with  the  angle  of  displacement.  This  diagram  is  the  one 
practically  used  in  designing  these  engines,  and  is  constructed  for 
the  size  having  a  cylinder  of  12  inches  diameter  with  6j  inches 
effective  stroke. 

Details  of  Construction. — The  main  casting  containing  the  cylinder 
has  two  side  vertical  passages  in  it,  Plates  45  and  46,  through  which 
the  two  connecting-rods  from  the  upper  piston  pass  do"mi  to  the 
crank-shaft ;  and  over  all  at  the  top  a  cast-ii'on  cover  is  bolted,  the 
whole  engine  being  thus  completely  closed  in.  The  lubrication  is  all 
effected  from  the  crank  chamber  ;  the  mixture  of  oil  and  water  which 
is  splashed  about  in  all  directions  by  the  crank  finds  its  way  even  up 
through  the  passages  through  which  the  side  connecting-rods  pass, 
and  so  on  to  the  top  piston  and  cylinder  where  it  is  exposed,  as  well 
as  to  the  cross-head  ball ;  the  lower  part  of  the  cylinder  gets  such 
an  abundant  sprinkling  that  the  difficulty  is  to  prevent  its  being 
excessive.  The  lower  piston  has  several  distributing  grooves  turned 
in  it,  Plate  47,  which  carry  up  the  oil  to  the  upper  parts  of  the 
cylinder  and  keep  the  whole  thoroughly  lubricated.  Both  pistons 
have  diaphragms  across  them,  to  prevent  the  oil  from  getting  to  the 
parts  in  direct  contact  with  the  steam,  and  so  causing  condensation. 
The  cross-head  ball  has  also  an  oil  chamber  in  it,  which  may  be  filled 
through  the  hand  hole  in  the  top  cover,  Plate  44.  Drain  cocks  are 
arranged  in  the  steam  channel,  and  at  the  short  zone  round  the 
cylinder  which  is  never  covered  by  either  piston ;  this  same  zone  is 
also  the  only  possible  place  for  the  indicator  cock  to  be  i)ut  on. 
In  order  to  prevent  any  pressure  from  accumulating  in  the  casing  by 
leakage,  a  small  relief- valve  K  is  provided  in  the  top  cover,  oj)ening 
to  the  drain  or  to  the  exhaust  passages. 
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A  sufficiently  heavy  fly-wlieel  is  of  course  necessary ;  and  as  the 
cranks  are  not  opposite,  some  balancing  is  needful  to  secure  the  best 
result.  In  the  first  instance,  weights  were  put  on  the  crank  webs ; 
but  they  were  found  to  splash  the  oil  about  so  much  that  it  became 
<lesirable  to  remove  them,  and  to  do  the  balancing  externally.  For 
this  purpose  the  fly-wheel  is  made  use  of;  and  it  is  best  where 
possible  to  have  two  fly-wheels,  one  at  each  side,  and  do  half  the 
balancing  in  each,  whereby  the  moments'of  the  weights  round  the 
vertical  axis  oppose  each  other,  and  so  prodiice  no  external  effect  in 
causing  vibration. 

Economy  of  Steam  Consumption. — Among  the  advantages  realised 
by  this  construction  and  principle  of  engine,  perhaps  the  most 
important  is  economy  of  steam  consumj)tion.  The  engine  is  single- 
acting  and  non-compound,  and  as  such  it  will  no  doubt  find  its  chief 
use ;  but  there  is  no  reason  Avhy  a  combination  of  two  engines  side 
by  side  should  not  be  arranged  to  work  compound  if  desired,  or 
possibly  other  plans  of  attaining  the  same  end  might  be  devised. 
At  present  simj)le  engines  only  are  in  contemplation,  up  to  about 
SO  horse-power;  and  the  working  of  these  only  will  therefore  bo 
here  dealt  with. 

The  characteristic  points  of  the  valve  diagrams,  which  have 
been  referred  to,  are  early  cut-ofi:'  and  considerable  compression. 
Besides  this,  there  is  practically  no  length  of  steam  passage 
corresponding  with  that  between  the  valve  face  and  cylinder  in 
iin  ordinary  engine ;  while  a  large  i)ort  opening  can  be  obtained 
with  but  small  movement  of  the  distributing  piston.  The 
consequence  is  that  the  points  of  cut-off  and  release  are  well 
marked,  with  little  wire-drawing ;  the  steam  can  be  expanded  well 
down ;  and  that  left  in  the  cylinder  after  the  exhaust  port  closes  can 
be  compressed  right  up  to  the  initial  pressure  without  difficulty. 
All  these  points  combine  to  give  a  highly  economical  indicator 
diagram.  An  experiment  made  on  the  12-inch  engine  working  with 
an  initial  pressure  of  100  lbs.  per  square  inch  at  603^  revolutions 
per  minute,  indicating  a  mean  of  36-77  horse-power,  gave  a 
consumption  of  28*2  lbs.  of  feed-water  per  I.H.P.  per  hour.     One 
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of  tlie  diagrams  from  this  experiment  is  shown  in  Fig.  13,  Plate  52. 
Unfortunately  it  seems  impossible  to  get  the  exjiansion  curve  free 
from  waves,  and  there  is  little  doubt  that  the  power  deduced  from 
such  diagrams  is  too  low ;  this  point  is  alluded  to  later  on.  The 
consumj)tion  of  steam  given  by  the  diagivam  is  23*2  lbs.  per  I.H.P. 
per  hour,  and  the  quantity  missing  is  therefore  18  j)er  cent. 

In  this  engine  the  steam  pipes  and  passages  are  rather  small,  and 
some  wire-drawing  results ;  but  another  diagram  from  an  8-inch 
engine  is  given  in  Fig.  12,  Plate  52,  showing  much  less,  as  the 
passages  were  larger.  This  better  proportion  is  now  being  followed 
in  the  later  designs,  and  a  still  greater  economy  should  therefore 
result ;  but  it  has  not  been  j)ossible  to  carry  out  a  trial  of  the  8-inch 
engine  from  which  the  diagram.  Fig.  12,  is  taken.  It  is  intended 
moreover  to  steam-jacket  the  engines,  which  can  readily  be  done 
without  material  increase  of  first  cost ;  and  then  a  still  better  result 
should  be  obtained. 

Hicjli  Sjyeed. — The  next  point  of  merit  is  the  capability  of 
running  satisfactorily  at  a  high  speed.  The  advantage  of  high- 
speed steam-engines  has  now  been  well  recognized,  as  they  provide  a 
means  of  getting  considerable  power  at  a  small  initial  cost,  and  are 
capable  of  being  combined  direct  with  such  machines  as  dynamos, 
centrifugal  pumps,  and  fans,  without  the  intervention  of  gearing, 
thus  avoiding  the  loss  involved  in  the  latter,  and  economising  si)ace. 
Obviously  the  higher  the  speed  at  which  an  engine  can  run,  the  more 
marked  become  these  advantages ;  but  on  the  other  hand  difficulties 
have  to  be  met,  which  do  not  occur  in  engines  running  slower.  That 
the  engine  now  described  is  i)eculiarly  well  adapted  for  high  speed 
will  be  seen  from  the  following  considerations. 

Piston  speed. — Inasmuch  as  each  piston  travels  through  only  about 
half  the  effective  stroke  of  the  engine,  it  is  clear  that  the  piston  si)eed 
is  only  about  half  that  of  a  single  piston  working  at  the  same  number 
of  revolutions,  and  giving  the  same  power  in  the  same  diameter  of 
cylinder.  Thus  even  with  the  highest  speed  of  revolution  the  piston 
speed  is  low.  For  instance  the  12-inch  engine  has  an  effective  stroke 
of  about  6  J  inches,  so  that  at  its  usual  speed  of  600  revolutions  j)ey 
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minute  the  sj)eed  of  a  single  piston  would  be  625  feet  per  minute ; 
but  as  tbe  strokes  of  the  two  pistons  are  really  3|^  and  3;^  incbes 
severally,  tbeir  speeds  are  only  350  and  325  feet  respectively.  Hence 
tbe  friction  and  wear  are  reduced  ;  and  all  tbe  effects  of  inertia,, 
wbicb  depends  on  tbe  scjuare  of  tbe  speed,  are  mucb  less  marked. 
Consequently  tbe  tendency  to  reversal  of  stresses  on  tbe  crank-pins 
at  tbe  turn  of  tbe  stroke  can  be  more  readily  overcome,  and  noiseless 
running  be  tbereby  secured.  A  furtber  effect  of  tbe  sbort  stroke  is 
tbat  connecting-rods  of  only  moderate  lengtb  are  a  considerable 
multiple  of  tbe  stroke ;  and  tberefore  tbe  side  stresses  on  tbe 
pistons  are  but  small.  Tbe  connecting-rods  are  about  8  and  15 
crank-tbrows  in  lengtb;  tbe  latter  are  tbose  for  tbe  distributing 
piston,  on  wbicb  it  is  more  important  to  avoid  wear  tban  on  tbe 
otber. 

Balancing. — If  tbe  pistons  were  exactly  opposite  eacb  otber — 
tbat  is,  if  tbe  cranks  were  at  180°  and  of  equal  tbrow,  and  tbe 
weigbts  were  equal — it  is  obvious  tbat,  neglecting  tbe  difference  due 
to  tbe  unequal  obliquity  of  tbe  connecting-rods,  tbe  engine  would 
be  completely  balanced.  As  bowever  tbe  cranks  are  not  opposite, 
tbe  balancing  is  not  complete ;  but  it  can  be  made  nearly  so  by  tbe 
addition  of  small  balance-weigbts  on  tbe  crank  webs,  or  in  tbe 
fly-wbeels.  Owing  to  tbe  peculiar  arrangement  of  tbe  engine,  tbe 
moments  of  sucb  weigbts  about  tbe  vertical  axis  neutralize  one 
anotber,  so  tbat  no  external  resultant  is  produced  to  cause  vibration. 

Clearance,  and  Compression. — Ample  area  of  ports  and  j)assages 
is  readily  obtained  witbout  adding  to  tbe  clearance.  As  already 
sbown,  a  considerable  compression  can  be  obtained  in  tbe  return 
stroke ;  and  tbis  is  of  great  value  in  counteracting  tbe  inertia  of  tbe 
moving  parts,  as  well  as  on  tbe  score  of  economical  working. 

Tbe  effect  is  tbat  tbe  12-incb  engine  witb  6j  incbes  effective 
stroke  can  be  run  witb  ease  up  to  600  or  650  revolutions  per 
minute,  and  tbe  smaller  sizes  up  to  800  or  850 ;  and  at  tbese  si)eeds 
tbey  are  quite  silent,  and  free  from  all  objectionable  vibration. 

Tl  car. — Tbe  arrangement  is  particularly  adapted  to  run  witb  a 
minimum  amount  of  wear,  from  tbe  fact  already  noticed  tbat,  tbe 
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angle  of  the  connecting-rods  being  small,  tlie  lateral  pressure  of  the 
pistons  on  the  cylinder  bore  is  small ;  and  as  the  surface  is  so  large, 
the  i^ressure  per  square  inch  is  insignificant.  Thus  practically  the 
only  wear  is  that  due  to  the  pressure  of  the  piston  rings.  The  crank 
bearings  are  all  subjected  to  stress  in  one  direction  only,  and  are 
well  lubricated,  besides  having  large  surfaces ;  and  the  main  crank- 
shaft bearings  themselves  are  largely  relieved  of  pressure  by  the 
peculiar  arrangement  of  the  three  connecting-rods,  of  which  the  two 
outer  nearly  oppose  the  centre  one.  If  the  cranks  were  qmte 
oj)posite,  the  main  bearings  would  be  practically  relieved  completely 
of  all  stress,  except  that  due  to  the  weight  of  the  moving  parts.  As 
it  is,  they  are  nearly  so,  though  they  ^\-ill  of  course  have  some  stress 
put  on  them  from  outside,  such  as  that  due  to  the  weight  of  a 
dynamo  armatiu-e  or  the  jjuU  of  a  belt ;  but  there  is  ample  sm-face  to 
provide  for  this,  and  in  any  case  the  pressure  per  square  inch  will  be 
exceedingly  small.  These  are  the  only  parts  subject  to  wear  at  all, 
except  of  course  the  governors. 

Indicator. — A  somewhat  j)uzzling  jjroblem  to  be  solved  in  this 
engine  is  how  to  work  the  indicator  barrel  so  that  the  motion  may 
be  a  true  one.  Neglecting  the  obliquity  of  the  connecting-rods,  the 
ends  of  the  effective  stroke  are  reached  when  the  line  joining  the 
crank-pin  centres  is  vertical,  or  parallel  to  the  axis  of  the  cylinder. 
In  these  positions  the  indicator  barrel  is  required  to  be  also  at  the 
extremities  of  its  stroke ;  and  this  consideration  gives  a  clue  to  the 
simplest  way  of  arranging  the  gear.  A  pin  must  be  put  on  the  end 
of  the  crank-shaft  at  a  radius  which  will  give  the  best  stroke  for  the 
indicator  barrel ;  and  the  radius  joining  it  to  the  centre  of  the  shaft 
must  be  j)arallel  to  the  line  joining  the  crank-throws.  Then  if  the 
string  be  led  off  vertically  to  a  sufficient  distance,  and  thence  be 
carried  over  a  pulley  to  the  indicator,  the  motion  will  be  approximately 
correct.  But  the  obliquity  of  the  connecting-rods  prevents  the  motion 
thus  obtained  from  being  perfectly  true  ;  and  some  modification  is 
desii-able  in  order  to  obtain  greater  accuracy.  Moreover  it  is  not 
always  convenient  to  fix  a  pin  on  the  end  of  the  shaft :  as  in  the  case 
of  an  engine  provided  with  a   crank-shaft  governor  and  driving  a 
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dynamo  direct.  Accordingly  an  eccentric  lias  been  adopted,  tlic 
sheave  of  wliicli  can  be  clamped  on  the  shaft,  as  shown  in  Plate  51 ; 
and  the  strap  has  a  short  rod  controlled  in  its  movement  by  a  link  L, 
one  end  of  which  is  connected  to  the  rod  while  the  other  is  centred  on 
a  fixed  pin.  The  end  of  the  cord  is  then  attached  to  an  eye  on 
the  link,  and  led  over  a  guide  pulley  to  the  indicator.  By 
turning  the  engine  round,  and  stopping  it  at  defined  points  of 
the  stroke  —  such  as  the  beginning,  end,  j)oint  of  cut-off,  and 
opening  or  closing  of  exhaust — and  at  the  same  time  marking  the 
points  upon  the  paper  on  the  indicator  barrel,  the  accuracy  of  the 
gear  may  be  readily  verified.  In  this  way  it  is  foimd  that,  by 
adjusting  the  position  of  the  fixed  centre  on  which  the  controlling- 
link  L  vibrates,  a  close  approximation  can  be  obtained  to  a  true  motion. 
The  next  problem  is  how  to  get  a  really  good  indicator  diagram 
free  from  the  waviness  already  alluded  to  ;  because  experiments  have 
shown  without  doubt  that  the  diagrams  taken  from  the  engine  at  high 
speeds  are  not  by  any  means  correct,  and  that  the  horse-power 
deduced  from  them  is  too  low.  Tw^o  indicators  w^ere  tried,  both  of  a 
kind  usually  employed  for  high-speed  engines  ;  but  although  the 
results  from  one  seemed  nearer  the  truth  than  from  the  other,  neither 
were  what  they  should  be,  even  though  very  short  strokes  of  the 
indicator  barrel  were  used  and  various  strengths  of  springs  were 
tried.  A  different  form  of  indicator  is  now  under  consideration, 
whereby  it  is  hoped  that  some  satisfactory  results  may  be  obtained. 

Condensing. — It  is  highly  desirable  that  an  engine  of  this  kind, 
especially  if  it  is  to  be  used  on  shipboard,  should  be  capable  of 
exhausting  into  a  condenser.  This  end  will  evidently  be  attained,  if 
the  exhaust  branch  is  connected  to  a  condenser ;  but  the  effect  will 
be  that  on  exhausting  a  reversal  of  pressure  will  take  place  between 
the  pistons,  and  will  cause  a  knock  on  the  connecting-rods,  just  as  in 
a  double-acting  engine,  which  at  high  speed  would  cause  a  great  deal 
of  noise  and  wear.  It  therefore  becomes  necessary  also  to  connect 
the  outer  casing  of  the  engine  permanently  with  the  condenser  ;  and 
when  this  is  done,  it  will  readily  be  seen  that,  as  the  pressure 
between   the   pistons   never   gets   less  than  that   outside  them,  no 
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reversal  will  take  place,  and  the  engine  will  run  at  the  higli  speed 
quietly.  The  12-incli  engine  has  been  satisfactorily  tested  in  this 
manner,  exhausting  into  an  independent  condenser ;  and  in  Fig.  14, 
Plate  52,  is  shown  the  indicator  diagram  so  obtained  when  running 
at  467  revolutions  per  minute  with  a  boiler  pressure  of  80  lbs, 
per  square  inch  and  a  condenser  vacuum  of  21  inches  of  mercury 
or  10^  lbs.  per  square  inch. 


Discussion. 


Mr.  Anderson  exhibited  the  two  pistons  of  one  of  the  6-inch 
engines,  and  mentioned  that  the  details  of  the  engine  had  been 
considerably  altered  since  the  drawings  illustrating  the  paper  had 
been  made,  although  of  course  the  principle  remained  the  same. 
The  valve  diagrams  shown  in  Figs.  6  and  10,  Plates  48  and  50,  were 
Mr.  Grafton's  own  design ;  and  the  others  shown  in  Figs.  7  to  D 
were  simply  modifications  of  Fig.  6.  He  showed  also  the  different 
form  of  indicator  alluded  to  in  page  227,  which  was  probably  known 
to  many  engineers,  having  been  invented  by  Professor  Perry.  As 
shown  in  longitudinal  section  in  Fig.  15,  Plate  53,  and  in  front 
elevation  in  Fig.  16,  it  consisted  of  a  chamber  something  like  a 
shallow  j)ill-box,  rocking  on  two  trunnions,  one  of  which  was  hollow 
for  admitting  steam  into  the  inside  of  the  box.  The  lid  covering  the 
box  was  a  thin  disc  of  steel  secured  by  a  screwed  ring ;  and  at  a 
point  halfway  between  the  centre  and  the  ring  a  small  mirror  M  was 
fixed  upon  the  disc.  The  trunnions  of  the  box  were  mounted  in  a 
frame  having  a  hollow  elbow  E  at  one  end  and  a  set-screw  S  at  the 
other,  whereby  the  hollow  trunnion  was  kept  steam-tight  while 
rocking  in  the  elbow.  A  lever  L  was  attached  to  the  box,  by  which 
it  could  be  given  a  rocking  motion  from  some  convenient  part  of  the 
engine  itself.     A  lamp  with  a  small  hole  in  front  of  it  was  placed  at 
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a  suitable  distance  ;  and  the  image  of  the  small  hole,  reflected  by  the 
mirror,  was  thrown  upon  a  screen.  The  result  was  that,  when  the 
elbow  E  was  connected  with  the  indicator  cock,  and  the  lever  L  was 
set  in  motion  by  the  working  of  the  engine,  the  pressure  entering 
through  the  hollow  trunnion  got  into  the  bos  behind  the  disc  and 
bulged  it  more  or  less,  thereby  deflecting  the  mirror  towards  the 
side,  at  the  same  time  that  it  was  also  being  deflected  upwards  and 
downwards  alternately  by  the  rocking  lever  L.  The  indicator 
diagram  was  thus  traced  by  the  ray  of  light  thrown  upon  the  screen  ; 
and  if  the  engine  ran  fast  enough,  that  is  at  more  than  200 
revolutions  a  minute,  the  line  of  light  traced  upon  the  screen  was 
practically  continuous,  and  the  whole  diagram  was  actually  seen 
complete  at  once  before  the  eye.  The  three  diagrams  shown  in 
Figs.  17,  18,  and  19,  Plate  53,  had  been  taken  in  this  way,  and  were 
seen  to  be  quite  free  from  thewaviness  of  those  shown  in  Fics.  12  13 
and  14,  Plate  52.  When  the  working  of  the  engine  was  altered  while 
it  was  running,  the  indicator  diagram  could  be  seen  to  be  altering 
conformably.  Unfortunately  however  the  diagrams  so  taken  were 
not  even  yet  quite  what  they  ought  to  be.  The  difference  of  the 
back  pressure  in  Figs.  17  to  19  would  be  observed.  There  seemed 
no  particular  reason  to  account  for  it,  because  the  speed  was 
almost  the  same  in  Figs.  17  and  18.  It  had  also  been  found 
that  the  scale  of  pressure  was  not  quite  an  even  one;  but  this 
objection  he  believed  could  be  got  over  by  a  careful  adjustment  of 
the  disc  and  mirror.  The  indicator  wanted  yet  a  great  deal  of  work 
to  get  it  quite  right ;  but  whenever  it  was  got  quite  right,  he 
considered  it  would  be  found  that  remarkably  accurate  results 
could  be  obtained  with  it.  In  the  discussion  he  hoped  that 
something  would  be  said  by  those  of  the  members  who  had  had 
experience  of  high-speed  indicator  diagrams,  as  to  how  best  to  f^et  a 
good  result.  Where  there  was  a  low  pressure  of  steam  for  workin"' 
the  engine  described  in  the  paper  he  had  found  that  the  clearance 
between  the  two  pistons  of  the  engine  had  to  be  made  larger,  in 
order  to  prevent  the  loop  that  would  otherwise  be  formed  in  the 
diagram  by  the  pressure  rising  above  the  true  initial  steam-pressure 
in  the  cylinder. 
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Sir  Fredeeick  Bramwell,  Bart.,  Past-President,  mentioned  tliat 
in  a  paper  read  to  the  Institution  of  Naval  Arcliitects  (Transactions 
vol.  xiii,  1872,  page  269)  lie  liad  given  the  indicator  diagrams  he  had 
taken  from  one  of  Mr.  Thornycroft's  earliest  quick  boats,  the 
"  Miranda,"  with  engines  running  a  little  over  600  revolutions 
j)er  minute.  Those  diagrams,  although  not  perfect  as  regarded  the 
uniformity  of  the  curve,  were  a  much  nearer  approach  to  perfection 
than  the  diagrams  illustrating  the  present  paper.  They  had  been 
obtained  with  an  ordinary  Eichards  indicator  of  those  days,  but 
sj^ecially  prepared  by  having  an  excessively  strong  sj)ring,  limiting- 
its  stroke  to  one  inch,  while  its  horizontal  or  rotary  movement  was 
also  limited  to  one  inch.  The  diagram  cylinder  was  furnished  with 
extra  springs  of  india-rubber  to  the  extent  requisite  for  making  it 
work  rapidly ;  and  the  result  was  that  diagrams  were  obtained, 
which  he  thought  might  be  relied  upon  for  accuracy  of  the  area  as  a 
whole,  because  when  trying  the  vessel  at  all  sorts  of  different  sj)eed8 
of  revolution  the  diagrams  so  taken  bore  the  ratios  one  to  another 
which  they  ought  to  bear.  If  they  were  wrong,  they  were  wrong  in 
equal  proportions  ;  but  he  thought  in  reality  they  were  fairly  right. 

The  idea  of  halving  the  stroke  of  an  engine  by  putting  two 
pistons  in  the  cylinder,  working  in  opposite  directions,  was  an  old 
one.  At  the  Manganese  Ore  Works,  at  Eotherhithe,  he  remembered 
an  engine  being  used,  which  had  an  upper  and  a  lower  piston  of 
equal  stroke  in  the  same  cylinder,  under  a  mistaken  notion  that 
double  power  was  going  to  be  got  out  of  the  steam  because  there 
were  two  piston  surfaces  for  it  to  act  upon  simultaneously  instead  of 
only  one  at  a  time ;  barring  that  original  error,  there  were  in  that 
engine  two  pistons,  each  moving  through  half  the  length  of  the 
cylinder,  but  the  engine  had  the  usual  arrangement  of  slide-valve 
with  long  passages  to  the  cylinder.  In  the  engine  described  in  the 
paper  there  were  no  doubt  some  curious  points.  The  two  pistons 
moved  in  opposite  directions,  as  in  the  Eotherhithe  engine, 
practically  halving  the  stroke;  and  from  the  way  in  which  they 
balanced  each  other  as  regarded  their  weight,  and  from  the 
various  other  contrivances  that  had  been  described,  no  doubt  the 
engine  was  capable  of  running  at  a  very  high  speed  of  revolution. 
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Attention  had  been  called  to  the  large  port  area,  coupled  with  the 
small  length  of  port,  which  was  obtained  by  reason  of  the 
circumferential  valve.  On  this  point  he  had  prepared  a  drawing, 
shown  in  Fig.  20,  Plate  54,  of  an  engine  which  he  made  forty  years 
ago  in  1854  for  the  purpose  of  driving  a  circular  saw  for  cutting 
tires  &c.  in  an  iron  works.  It  was  a  double-acting  engine,  that  is, 
it  acted  in  both  directions ;  and  it  was  extremely  simple  in 
manufacture.  There  was  a  sort  of  bed-plate  B,  in  the  middle  of 
which  was  the  exhaust  pipe  E.  The  steam  cylinder  C  had  upon  its 
circumference  at  the  bottom  the  slide-valve  face,  which  extended  the 
whole  way  round  the  cylinder.  What  looked  like  two  opposite 
slide-valves  in  the  vertical  section.  Fig.  20,  were  simply  the  sections 
at  the  two  opposite  points  of  the  single  annular  slide-valve,  shown 
separately  in  Figs.  21  and  22,  which  embraced  the  cylinder,  and  was 
worked  in  the  ordinary  way  by  means  of  the  cross-head  H  and  two 
eccentrics  X.  The  outer  casting  A  enclosing  the  steam  cylinder  was 
simply  turned,  and  fitted  to  the  cylinder  casting  at  bottom  and  top  ; 
the  boiler  steam  in  the  annular  steam-chest  surrounding  the  cylinder 
entered  into  the  top  of  the  cylinder  through  a  number  of  openings  all 
round,  where  the  cylinder  was  fitted  into  the  outer  casting.  In  the 
cylinder  worked  a  trunk  piston,  with  connecting-rod  acting  upon  a 
balanced  crank.  By  this  arrangement  there  was  the  whole 
circumference  of  the  cylinder  for  the  width  of  the  steam  jiort,  and 
therefore  the  engine  could  aiford  to  have  a  remarkably  short  or 
shallow  port  and  a  small  travel  for  the  slide-valve.  Further  the 
annulus  above  the  piston  was  always  open  to  the  boiler,  and  the  area 
of  the  annulus  compared  with  the  area  of  the  whole  piston  was  such 
that  practically  uniformity  of  stroke  up  and  down  was  obtained. 
The  steam  in  the  annulus  i^ressed  the  piston  down  while  the  bottom 
of  the  cylinder  was  open  to  the  exhaust ;  and  when  by  the  action  of 
the  slide-valve  the  steam  was  allowed  to  get  in  below  the  piston,  the 
steam  in  the  annulus  was  pumped  back  again  into  the  boiler,  or 
underneath  the  cylinder.  One  great  merit  of  the  engine  was  the 
slide-valve  ;  as  seen  from  Fig.  22  it  was  a  complete  circle,  which 
was  bored  out  to  fit  the  cylinder  face,  while  the  latter  was  turned  to 
receive  it ;  the  whole  construction  was  thus  of  the  simplest  kind. 
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(Sir  Frederick  Bramwell,  Bart.) 

At  G  tlie  valve  liad  a  longitudinal  gasli  right  tlirougli  it ;  and  by 
putting  packing  into  the  gash  the  circular  slide-valve  could  be 
slightly  opened  out,  so  as  to  make  it  absolutely  float  on  the  cylinder 
without  any  pressure  whatever,  while  still  it  was  found  to  be 
perfectly  steam-tight  in  working.  The  engine  ran  at  a  high  speed 
quite  quietly.  It  had  not  been  usual  he  thought  in  those  days  to 
take  such  elaborate  indicator  diagrams  as  were  shown  by  the  author ; 
and  in  fact  he  had  himself  taken  none  from  the  engine  he  had  just 
described.  On  being  put  to  work,  the  engine  drove  with  great 
efficiency  a  saw  for  sawing  railway-wheel  tires.  Provision  had  also 
been  made  for  expansion-valves,  and  so  on ;  but  in  Fig.  20  the 
engine  was  showTi  in  the  crude  simplicity  in  which  it  had  actually 
worked.* 

Mr.  J.  Hartley  Wicksteed,  Member  of  Council,  said  that  what 
struck  him  about  the  engine  described  in  the  paper  was  that  there 
would  be  a  tight  place  in  it.  Looking  at  it  purely  from  the 
mechanical  point  of  view,  it  seemed  to  him  that  at  the  beginning  oi 
the  stroke,  when  the  two  nearly  opposite,  cranks  were  each  so  near 
their  dead  points  and  the  two  pistons  were  being  forced  apart,  there 
would  be  a  great  amount  of  binding  action  upon  the  crank-pins. 
For  if  in  that  position  the  fly-wheel  was  taken  hold  of  and  tried 
to  be  turned  round,  a  large  amount  of  friction  would  have  to  be 
overcome  which  was  put  upon  the  two  opposite  crank-pins  by  the 
pressure  of  the  steam ;  in  other  words,  the  pressure  of  the  steam 
seemed  at'  that  time  to  be  exerting  a  great  deal  of  dead  pressure, 
which  resulted  in  friction,  without  having  any  sufficient  length  of 
arm  by  which  to  give  a  turning  moment  to  the  shaft.  No  doubt 
there  were  large  surfaces  and  profuse  lubrication,  and  therefore  the 
coefficient  of  friction  was  small ;  but  still  it  would  be  interesting  to 
know  what  the  mechanical  efficiency  of  the  engine  was  in  actual 
working. 


*  Sir  Frederick  Bramwell  desires  also  to  call  attention  to  a  double-piston 
arrangement  which  he  saw  applied  to  a  locomotive  on  a  plan  designed  in  1834 
by  Mr.  Bodmer,  by  whom  the  plan  was  adapted  in  ISil  to  marine  propulsion. 
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Mr.  Druitt  Halpin  considered  that  in  tlie  design  of  the  engine, 
although  the  arrangement  shown  in  Fig.  5,  Plate  47,  for  the  ball- 
and-socket  joint  looked  so  compact,  namely  dishing  down  the  top  of 
the  upper  piston  so  as  to  receive  it,  it  would  be  much  more  in  favour 
of  the  engine  if  the  cone  were  turned  the  other  way  up,  in  the  form  of 
what  was  sometimes  called  the  Swedish  piston,  with  the  ball-and- 
socket  joint  mounted  on  the  top  of  the  cone.  That  would  give  the 
advantage  of  avoiding  what  he  thought  must  now  take  place,  namely 
the  continuous  water-jacket  on  the  top  of  the  upper  piston,  which 
seemed  to  him  to  be  at  present  a  great  disadvantage.  Another  point 
that  struck  him  in  looking  at  the  drawing  and  the  specimens 
exhibited  of  these  deeply  recessed  pistons  was  that  immediately  on 
the  steam  being  admitted,  instead  of  its  having  to  encounter  only  the 
cold  area  of  a  flat  cylinder  cover  and  a  flat  piston,  the  recessed 
construction  of  the  two  pistons  exposed  a  much  greater  extent  of 
cooling  surface,  which  had  immediately  before  been  in  direct 
communication  with  the  exhaust,  and  must  therefore  necessarily 
cause  such  an  amount  of  initial  condensation  as  must  render  the 
engine  wasteful  in  the  use  of  the  steam. 

With  a  view  to  getting  over  the  waviness  of  the  indicator 
diagrams  shown  in  Figs.  12  to  14,  Plate  52,  attention  had  been  drawn 
to  Professor  Perry's  indicator,  which  was  certainly  a  beautiful 
instrument,  although  his  own  faith  was  not  strong  enough  to  trust  it 
much ;  he  liked  an  indicator  which  could  be  calibrated,  and  he  did 
not  see  how  ^it  was  possible  easily  to  calibrate  this.  The  trouble 
however  could  be  got  over  he  thought  in  another  way.  It  arose  of 
course  from  two  causes,  namely  from  the  speed  of  the  moving  parts 
of  the  indicator  and  from  their  weight.  Their  speed  could  not  bo 
altered,  as  it  naturally  depended  on  the  speed  of  revolution  of  the 
engine ;  but  their  weight  could,  and  in  the  following  way.  Supposing 
that  the  whole  of  the  mechanism  usually  worked  from  the  end  of  the 
indicator  piston-rod  were  done  away  with,  and  that  the  pencil  were 
fixed  directly  on  the  extremity  of  the  piston-rod  and  at  right  angles 
to  it,  so  as  to  mark  direct  upon  the  paper  cylinder  placed  parallel 
to  the  indicator  cylinder,  with  a  suitable  provision  for  the  paper 
cylinder  to  press  lightly  up  against  the  pencil :  then  the  result  would 
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of  course  he  that  tlae  diagrams  so  drawn  would  be  only  the  natural 
Leiglit  of  tlie  stroke  of  the  indicator  piston,  witliout  any  multiplication 
by  levers  sucb  as  were  usually  employed.  Indicator  diagrams  bad 
only  two  uses :  eitber  tbeir  area  was  measured  in  a  large  number  of 
diagrams  taken  during  an  engine  trial  for  ascertaining  tbe  indicated 
borse-power ;  or  else  tbey  were  wanted  in  order  to  see  exactly  wbat 
tbe  steam  distribution  was  throughout  the  stroke,  apart  from  tbe 
question  of  power.  If  they  were  taken  for  ascertaining  the  horse- 
power, although  on  the  plan  be  was  recommending  they  would  be 
so  small,  yet  their  area  could  be  accurately  measured  with  the  newer 
forms  of  planimeter  now  coming  into  use,  having  a  glass  which 
was  marked  with  cross  lines  ;  by  this  means  the  area  was  directly 
measured  without  error.  If  on  the  other  hand  a  magnified  diagram 
was  wanted  for  showing  the  action  of  tbe  steam  during  the  stroke, 
be  thought  it  was  a  much  more  mechanical  way  of  attaining  that 
object  if,  instead  of  magnifying  the  diagram  at  the  indicator  itself 
from  a  small  delicate  motion  and  by  means  of  multiplying  levers  of 
which  the  momentum  could  not  be  controlled,  the  small  diagram 
taken  direct  in  the  way  be  bad  described  was  afterwards  enlarged  in 
the  drawing  office  by  any  one  of  the  ordinary  instruments  of  the 
lazy-tongs  kind,  by  which  it  could  be  magnified  to  any  size  desired. 
In  that  way  the  momentum  of  the  indicator  and  the  consequent 
waviness  of  the  diagrams  could  be  reduced  to  a  minimum,  and  all  the 
trouble  attending  high  speeds  could  be  got  rid  of,  so  far  as  the 
indicator  diagrams  were  concerned. 

Mr.  Lewis  Eichards  asked  whether  some  information  could  be 
given  as  to  the  brake  horse-power  in  comparison  with  the  indicated 
horse-power  of  tbe  engine ;  and  also  whether  the  temperature  had 
been  taken  of  tbe  lubricant — the  mixture  of  oil  and  water — at  any 
time  when  the  engine  was  running  at  full  speed.  Moreover  in 
calculating  the  power  of  the  engine  from  the  indicator  diagram,  had 
the  fact  been  taken  into  account  that  during  two  periods  in  each 
revolution  one  piston  was  acting  as  a  brake  against  the  other  ?  This 
be  thought  would  require  some  correction  to  be  made  in  the  power 
calculated. 
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Mr.   Arthur    Eigg    had    listened   with    great   interest   to    the 
description  of  this  ingenious  engine,  because  it  seemed  to  him  to 
combine  certain  problems  which  always  had  to  be  faced  in  designing 
a  high-speed  engine.     In  many  respects  it  was  analogous  to  all  other 
high-speed  reciprocating  engines  ;  but  it  had  the  exceptional  advantage, 
which  at  least  he  thought  was  its  principal  advantage,  that  for  all 
practical  purposes  one  piston  served  as  a  counter-balance  to   the 
other.      In  every  high-speed  engine  the  piston  was   practically  a 
steam-hammer,  and  as  it  came  near  the  end  of  its  stroke  it  had  to  be 
brought  to   rest   by  some   means  or   other.      In   most   high-speed 
engines  it  was  brought  to  rest  by  compressing  the  exhaust  steam  ; 
and  in  the  Willans  engine  by  compressing  air  in  an  external  air- 
compressor.       The  compression  of  the  exhaust  steam  he  had  often 
found  stated  to  be  in  some  mysterious  way  a  source  of  great  economy  ; 
but  he  ventured  to  dispute  that  position  entirely,  and  to  say  that  the 
force  employed  for  the  compression  of  the  exhaust  steam  was  a  total 
and  absolute  loss  as  regarded  economy ;   all  that  could  be  said  was 
that  the  working  of  the  engine  might  be  worse  if  there  were  no 
compression.     A  theoretically  perfect  engine  would  have  no  vacant 
spaces  or  clearances ;  and  tlie  first  cubic  inch  of  steam  that  got  in 
behind  the  piston  would  immediately  raise  the  pressure  to  the  full 
pressure  in  the  boiler.     In  any  actual  engine  however  the  whole  of 
the  clearance   had   first   to   be  filled  with   steam  up  to  the  boiler 
pressure   before  this   j)ressure   could   come  into   action   behind  the 
piston  for  commencing    the  working    stroke.     In  every  high-speed 
engine  the  amount  of  the  compression  required  was  easily  calculated 
from  the  velocity  and  weight  of  the   moving   jiarts.      When   first 
designing   high-sj)eed   engines   some   years   ago   he   had    held   the 
prevalent   idea   that   it   was   rather   an   advantage   to   increase   the 
weight  of  the  piston ;   but  a  little  experience  had  shown  him  the 
utter  fallacy  of  that  notion.      In  the  particular  engine   described 
in   the   present    paj)er    the   weight    of    the   i)istons   seemed   to   be 
increased  to  an  abnormal  extent ;  and  in  order  to  see  what  mischief 
this    caused,    it    was    only    necessary    to    look    at    the    indicator 
diagrams,  Figs.  12  and   13,  Plate  52.      In  Fig.  13  the  comj)rcssion 
actually  raised  the  pressure  up  to  100  lbs.  per  sq^uare  inch,  which 
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was  something  like  5  tons  on  a  12-incIi  piston  :  tliat  is  to 
say,  a  pressure  of  5  tons  had  to  be  accumulated  at  the  end  of 
every  non-effective  return  stroke  in  the  single-acting  engine,  and 
the  work  done  in  accumulating  this  heavy  pressure  was  entirely 
thrown  away.  That  action  was  not  conducive  to  economy  ;  and 
in  fact  how  economy  could  possibly  be  reached  by  any  high-speed 
engine  with  heavy  pistons  he  found  great  difficulty  in  seeing. 
The  engine  described  in  the  paper  seemed  to  embody  a  popular 
prejudice  against  the  slide-valve,  for  which  he  did  not  know  the 
reason,  because  nothing  could  be  more  simple  or  satisfactory  than 
the  working  of  a  slide-valve  with  an  eccentric;  and  he  could  not 
understand  why  so  much  trouble  should  be  taken  in  this  and  other 
engines  to  get  rid  of  the  slide-valve,  with  the  result  always  of 
getting  a  bad  indicator  diagram.  The  reason  why  all  the  early 
high-speed  engines  were  so  exceedingly  extravagant,  and  why  the 
Corliss  engine  when  it  first  came  into  vogue  some  years  ago  produced 
such  a  revolution  in  the  ideas  of  engineers,  was  simply  little  more 
than  the  question  of  clearance.  The  old  engines,  which  were  displaced 
by  the  Corliss  engine,  had  valves  with  long  ports,  a  comj)aratively 
short  stroke  of  the  piston,  and  the  clearances  considerable.  The 
first  thing  Corliss  did  was  to  design  a  valve  which  had  very  small 
clearances  indeed;  and  the  next  thing  he  did  was  to  double  the 
length  of  the  piston  stroke,  so  that  the  ratio  of  clearance  was  smaller 
in  the  Corliss  engine  than  in  any  other.  These  were  not  the  sole 
causes  of  the  economy  of  the  Corliss  engines,  because  there  were  also 
questions  of  heat  and  of  other  matters  which  he  need  not  now  enter 
upon.  The  Willans  engine  was  the  first  example  of  a  high-speed 
engine  in  which  there  was  anything  like  a  reasonable  economy  ;  the 
principal  and  most  important  reason  was  that  the  piston-rod  was 
enlarged,  the  valve  was  put  inside  it,  and  the  clearances  were  reduced 
almost  to  a  minimum,  without  the  area  of  the  steam  passages  being  in 
any  way  restricted.  In  order  to  get  over  the  difficulty  which  thence 
arose  of  not  having  sufficient  capacity  in  the  passages  to  serve  as  a 
buffer  spring  for  bringing  the  pistons  to  rest,  it  was  necessary  to  have 
recourse  to  the  outside  arrangement  of  an  air-compressing  cylinder. 
The  compression  and  recoil  of  the  air  was  really  in  his  own  opinion 
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the  princij^al  reason  of  tlie  great  economy  in  the  Willans  engine. 
Another  high-speed  engine,  the  Westinghouse,  had  not  been  by  any 
means  economical  until  it  had  gone  a  certain  distance  in  the  direction 
of  Mr.  Willans'  ideas,  to  the  extent  of  using  a  vacuum  instead  of 
compression,  and  reducing  the  clearances,  whereby  he  iinderstood 
better  results  had  now  been  obtained  than  prior  to  the  adoption  of 
the  vacuum.  It  thus  aj)peared  that,  the  more  the  clearances  were 
reduced,  the  better  were  the  results  realised.  When  it  came  to 
compressing  the  exhaust  steam,  as  most  of  the  high-speed  engines  did, 
it  became  necessary  in  the  engine  now  described,  as  had  been 
mentioned  by  the  author,  actually  to  increase  the  clearance,  in  order 
to  avoid  the  loop  which  otherwise  appeared  in  the  indicator  diagram  : 
that  was  to  say,  the  compression  became  higher  than  the  boiler 
pressure.  In  order  to  bring  the  piston  to  rest  properly,  there  must 
of  course  be  a  certain  proportion  of  clearance  in  the  cylinder  ;  but 
the  result  of  the  enormous  load  of  5  tons  on  the  12-inch  pistons  of 
the  engine  now  described  had  been  that  the  exhaust  had  to  be  closed 
at  about  half  stroke  or  possibly  a  little  later,  and  all  that  compression 
was  entirely  thrown  away.  The  only  way  that  he  had  ever  seen  to 
remove  all  the  difficulty  was  by  the  kind  of  engine  shown  in  Fig.  23, 
Plate  55,  of  which  there  was  a  model  on  the  table.  If  in  the  ordinary 
three-cylinder  engine,  instead  of  the  engine  itself  being  fastened 
down  and  the  crank-pin  turning  round,  the  engine  were  left  free 
and  the  crank-pin  fastened  and  the  steam  turned  on,  the  engine  would 
itself  revolve  round  the  crank.  Whatever  arrangement  was  made  in 
the  way  of  clearance  &c.  to  obtain  economical  results,  the  same 
economy  was  achieved,  whether  the  crank-pin  was  turned  round  by 
the  engine  cylinders,  or  whether  the  crank-pin  was  fixed  and  the 
cylinders  revolved  round  it.  Although  at  first  sight  this  might 
seem  a  change  without  much  difference,  yet  the  difference  was 
great  in  the  practical  working  of  the  engiae.  The  three  pistons, 
being  set  radially  at  120'  apart  and  attached  to  the  rim  of  the 
fly-wheel,  were  in  perfect  balance,  and  never  altered  appreciably 
their  radius  or  their  angular  velocity.  While  the  three  pistons 
were  thus  concentric  in  regard  to  the  fly-wheel  and  shaft,  the 
i,hree    cylinders    were    eccentric,   being    carried    upon    a    difterent 
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centre,  namely  the  fixed  crank-pin ;  in  regard  to  tlie  latter  they 
never  altered  their  radius,  and  were  in  perfect  balance.  As  the  result 
of  this  arrangement,  a  little  engine  of  the  size  shown,  having  three 
cylinders  of  2  inches  diameter  and  1  inch  stroke,  was  driven  at 
over  2,000  revolutions  a  minute  ;  and  though  it  was  not  fastened 
down,  it  did  not  shake,  for  the  simple  reason  that  there  was  nothing 
out  of  balance  to  cause  shaking.  This  arrangement  accordingly  got 
rid  of  the  difficulty  attending  the  momentum  of  the  moving  parts, 
which  was  the  crying  evil  in  all  high-speed  engines  of  whatever 
construction,  so  long  as  the  piston  moved  backwards  and  forwards. 
It  had  a  number  of  collateral  advantages,  particularly  for  hydraulic 
engines,  because  the  stroke  could  be  altered.  When  used  for  driving 
a  dynamo,  it  could  be  governed,  and  with  a  water  pressure  of  700  lbs. 
per  square  inch  could  work  the  electric  light  just  as  well  as  any 
steam  engine.  There  was  a  popular  idea  that  j^ractically  hydraulic 
engines  could  not  be  governed ;  but  there  was  really  no  difficulty 
in  the  matter  if  only  it  were  done  in  the  right  way.  Experience 
in  working  a  hydraulic  engine  with  700  lbs.  water  pressure,  with 
which  it  had  now  been  running  well  for  six  years,  showed  that  a 
much  more  severe  test  was  thereby  obtained  than  with  steam :  the 
principle  of  the  engine  being  the  same,  whether  it  were  worked 
with  water  or  with  steam.  A  revolving  engine  he  thought  was  the 
only  way  of  getting  over  the  difficulty  of  reciprocating  parts. 

Mr.  Henry  Davey  suggested  that  it  would  be  convenient  for 
understanding  the  economical  principles  of  any  new  engine  if  on 
the  indicator  diagrams  the  clearance  space  were  added,  and  the  true 
expansion  curve  were  thereby  drawn  backwards  and  upwards  from 
the  terminal  pressure.  The  diagram  so  obtained  would  then  show 
the  number  of  exj)ansions  due  to  the  difference  between  the  initial 
pressure  and  the  terminal  pressure ;  and  being  free  from  compression 
would  represent  the  efficiency  of  a  perfect  engine  working  between 
those  pressures,  that  is  the  ratio  of  the  mean  effective  pressure  to 
the  mean  forward  pressure.  By  increasing  the  back  pressure, 
compression  might  be,  as  pointed  out  by  Mr.  Eigg  (page  235),  a  great 
disadvantage  in  regard  to  economy.    The  high-speed  engine  described 
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in  the  paper  was  one  iu  wliicli  clearance  could  be  reclucctl  to  a 
minimum.  There  were  engines  in  which  it  was  difficult  to  reduce 
the  clearance  space  to  small  dimensions ;  and  in  any  such  engines, 
where  it  was  absolutely  necessary  to  have  large  clearance  space, 
compression  might  be  an  element  of  economy.  But  in  an  engine  in 
which  it  was  necessary  to  increase  the  clearance  space  in  order  to  get 
good  mechanical  working,  then  he  failed  to  see  that  compression  was 
an  element  of  economy.  A  large  portion  of  each  of  the  indicator 
diagrams  exhibited  was  taken  off  by  compression,  whereby  the 
average  forward  pressure  was  reduced  while  the  average  resistance 
or  back  pressure  was  increased,  so  that  the  mean  effective  pressure 
was  reduced.  In  the  small  indicator  diagram  shown  in  Fig.  19, 
Plate  53,  it  would  be  seen  how  small  a  mean  effective  pressure  was 
obtained  as  compared  with  the  mean  effective  pressure  of  a  perfect 
diagram  having  the  same  initial  and  terminal  pressures. 

As  regarded  the  mechanical  construction  of  the  engine  itself,  it 
seemed  to  him  highly  undesirable  that  there  should  be  such  heavy 
weights  in  the  pistons  and  in  their  connections  with  the  crank-shaft, 
and  he  thought  they  could  be  dispensed  with ;  the  pistons  he  had  no 
doubt  could  be  much  lightened.  The  construction  of  the  packing  he 
also  thought  was  not  quite  satisfactory  for  passing  over  the  steam 
and  exhaust  ports,  for  which  he  believed  it  would  be  found  necessary 
in  an  engine  of  this  kind  to  put  in  packing  rings  of  the  construction 
usually  employed  in  piston-valves.  The  packing  shown  seemed  to 
be  of  too  rough  and  ready  a  description  for  this  particular  purpose, 
and  he  thought  it  would  not  be  found  to  bo  steam-tight.  The 
geometry  of  the  valve  motion  appeared  complicated,  and  difficult  to 
follow  without  close  study  ;  it  had  evidently  taken  a  great  amount  of 
thought  to  work  it  out  in  a  satisfactory  manner,  and  he  could  but 
admire  the  ingenuity  that  had  been  brought  to  bear  on  the  early 
development  of  the  engine,  which  he  6uj)j)osed  was  still  in  an 
experimental  stage.  The  principle  of  having  two  pistons  moving  in 
opposite  directions,  for  the  purpose  of  reducing  vibration  and 
obtaining  quick  running  in  a  satisfactory  way,  seemed  to  be  an 
exceedingly  good  one.  Whether  this  was  the  most  pi-actical  way  of 
carrying  out  the  principle,  he  was  not   prepared  to  say ;   and  ho 
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thouglit  that  if,  instead  of  making  the  piston  its  own  valve,  a 
separate  valve  was  introduced  to  give  a  better  steam  distribution,  a 
better  engine  would  be  produced. 

Professor  T.  Hudson  Beaee  was  rather  surprised  that  the  paper 
had  not  given  any  brake  results  of  the  engine.  It  seemed  remarkable 
that  with  an  engine  running  at  such  a  high  speed  the  indicator 
diagrams  alone  had  been  relied  upon  for  ascertaining  the  horse- 
power of  the  engine.  The  actual  diagrams  themselves  showed  how 
untrustworthy  an  ordinary  indicator  was  when  running  at  so  high  a 
speed  as  800  revolutions  a  minute  ;  and  therefore  it  would  have 
added  considerably  to  the  value  of  the  results  if  the  brake  horse- 
power had  been  given.  It  might  add  also  he  thought  to  the  interest 
of  the  indicator  diagrams  if  an  expansion  curve  were  drawn  on  each 
for  the  actual  amount  of  steam  admitted  into  the  cylinder.  The 
total  discharge  steam  had  been  measured,  and  the  actual  steam 
consumption  per  horse-power  per  hour  had  been  given ;  and  therefore 
it  would  be  easy  on  the  line  of  the  boiler  pressure  to  plot  the  latter, 
reduced  to  the  consumption  per  revolution,  and  to  draw  the  expansion 
curve,  which  would  perhaps  afford  the  means  of  judging  a  little 
better  as  to  the  real  value  of  the  indicator  diagrams,  and  whereabouts 
some  of  the  faults  of  the  engine  were  to  be  found.  The  steam 
consumption  was  no  doubt  a  fairly  good  result,  but  by  no  means 
remai'kable.  One  direction  for  improvement  had  already  been 
suggested,  namely  a  reduction  in  the  present  amount  of  compression, 
which  seemed  excessive  for  an  engine  of  this  kind. 

Mr.  Bryan  Donkin  asked  what  was  the  percentage  of  clearance 
in  proportion  to  the  whole  stroke  of  the  pistons ;  it  seemed  to  him 
to  be  remarkably  small.  The  absence  of  cylinder  covers  was  a 
novelty.  Proper  brake  trials  would  be  valuable,  as  Professor  Beare 
had  suggested,  in  order  to  ascertain  the  mechanical  efficiency  of  the 
engine.  It  seemed  to  him  that  steam-jacketing  would  have  some 
good  effect ;  the  expansion  was  considerable,  and  he  should  be  glad 
to  know  the  dryness-fraction  of  the  steam  at  release.  The  reflecting 
indicator    described   by  the  author  he  had  himself  tried  for  slow 
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speeds;  below  100  or  150  revolutions  per  minute  lie  had  found  it 
of  no  use ;  but  at  500  or  600  revolutions  it  seemed  to  work  well. 
This  indicator  however  gave  no  diagram  on  paper;  following  the 
line  of  light  led  also  to  personal  errors  in  sketching  the  diagram 
in.  The  Wain  indicator  seemed  to  him  to  be  the  best  ;  its  parts 
were  extremely  light,  the  spring  acted  by  torsion  instead  of  by 
compression,  and  there  were  many  good  points  about  it,  which  led 
him  to  think  it  was  well  worth  trying.  The  consumption  of  28*2 
lbs.  of  feed-water  per  I.H.P.  per  hour,  mentioned  in  page  223, 
appeared  to  be  when  non-condensing ;  he  should  be  glad  to  know 
what  the  result  was  when  condensing. 

Mr.  C.  Feewen  Jenkin  asked  whether  it  was  possible  to  arrange 
the  mechanism  of  the  engine  so  as  to  give  less  compression,  without 
at  the  same  time  altering  the  point  of  cut-off  and  the  point  of  release. 
With  a  single  eccentric  and  an  ordinary  slide-valve  it  was  not 
possible  to  get  an  earlier  cut-off,  according  to  Professor  Unwin,  than 
five-eighths  of  the  stroke,  without  excessive  compression  and  too 
early  a  release.  In  the  engine  described  in  the  paper  he  understood 
that  the  cut-off  was  at  about  25  per  cent,  of  the  stroke  (page  219),  and 
that  the  great  compression  was  the  consequence  of  so  early  a  cut-off"; 
and  he  should  like  to  know  whether  it  was  possible  to  alter  the 
mechanism  so  as  to  reduce  the  compression  without  also  altering  the 
cut-off  to  a  later  point  in  the  stroke. 

Mr.  Archibald  P.  Head  thought  the  reason  why  the  results 
hitherto  obtained  from  the  reflecting  indicator  were  not  altogether 
accurate  (page  229)  was  not  far  to  seek.  It  seemed  to  him  that  in 
this  indicator,  in  which  the  ordinatcs  of  the  steam  and  exhaust 
curves  were  in  proportion  to  the  angular  deflection  of  a  beam  of 
light,  and  this  deflection  was  caused  by  the  bulging  of  a  disc,  the 
resistance  to  bulging  must  increase  with  the  pressure  :  so  that  a 
given  increase  of  pressure  would  cause  a  smaller  angular  deflection 
of  the  beam  at  high  pressures  than  at  low.  That  would  naturally 
give  a  diagram  flattened  at  the  top ;  and  although  there  seemed  no 
reason  why  each  disc  should  not  be  calibrated,  so  that  the  pressure  at 
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any  point  could  be  measured,  still  tlie  area  of  the  diagram  would  not 
represent  the  j)ower  exi^ended,  nor  would  it  be  possible  to  measure 
by  a  planimeter  the  work  done.  Whether  there  was  any  satisfactory 
way  of  getting  over  that  difficulty  by  varying  the  thickness  of  the 
disc,  he  did  not  know  ;  but  it  occurred  to  him  that  one  way  might 
perhaps  be  to  project  the  ray  of  light  upon  a  cylindrical  instead  of  a 
flat  sheet  of  sensitised  paper,  in  such  a  way  that  at  high  pressures 
the  ray  should  fall  upon  it  with  greater  obliquity  than  at  low 
pressures  ;  and  then,  when  the  sheet  of  paper  was  flattened  out,  the 
resulting  diagram  might  be  approximately  correct. 

Mr.  Jeremiah  Head,  Past-President,  thought  the  paper  presented 
an  instance  of  a  distinctly  novel  kind  of  engine,  and  one  not  easy  to  be 
understood  at  first  sight.  High-speed  engines  generally  were  justified 
on  the  jjrinciple  that  their  jjower  was  in  proportion  to  their  speed : 
that  is,  with  double  the  number  of  revolutions  per  minute,  other 
things  being  equal,  double  the  power  was  obtained.  This  was  of 
course  an  incentive  to  make  all  engines  go  as  quickly  as  possible ; 
but  it  was  not  without  its  drawbacks,  because  the  momentum  of  the 
moving  parts  increased  as  the  square  of  the  velocity.  In  the  present 
engine  an  endeavour  was  made  to  get  over  this  difficulty  by  dividing 
the  stroke  between  two  pistons,  and  making  them  move  in  opposite 
directions.  The  pistons,  he  quite  agreed  with  previous  speakers, 
seemed  inordinately  heavy  ;  but  probably  it  would  be  said  that  they 
neutralised  each  other  by  their  motion  in  opposite  directions.  This 
principle  was  not  altogether  a  new  one,  the  late  Mr.  Crampton  having 
worked  a  good  deal  in  that  direction.  Keciprocating  weights  could 
be  really  balanced  only  by  other  reciprocating  weights  moving  in  an 
opposite  direction:  they  could  not  be  completely  balanced  by 
revolving  weights.  In  the  present  engine  the  mischief  of  unbalanced 
reciprocating  weights  he  thought  was  not  wholly  cured,  because  here 
the  two  weights  were  not  absolutely  opposite,  the  cranks  themselves 
not  being  absolutely  opposite,  and  therefore  there  was  a  resultant 
movement  which  meant  vibration ;  and  it  was  these  vibrations,  the 
mischievous  effects  of  which  increased  according  to  the  square  of  the 
velocity,  that  limited  the  speed  of  all  engines  in  which  there  were 


April  1894.  HIGH-SPEED    ENGINE.  243 

any  reciprocating  weights  wliatever.  In  fact  it  seemed  to  liiin  that 
the  only  engines  which  could  be  made  to  go  at  an  unlimited  number 
of  revolutions  were  those  of  the  steam  turbine  kind,  such  as  that  of 
Mr.  Parsons,  which  was  said  to  run  up  to  18,000  revolutions  per 
minute,  and  commonly  worked  at  12,000.  An  engine  at  the  Chicago 
Exhibition,  designed  by  Mr.  Laval,  the  inventor  of  the  centrifugal 
separator  for  cream,  he  was  told  had  been  going  at  30,000  revolutions, 
which  certainly  was  the  quickest  he  had  ever  heard  of.  It  must  be 
discouraging  to  all  designers  of  quick-speed  reciprocating  engines  to 
know  that  such  high  speeds  could  be  realised  by  other  means  without 
any  sensible  vibration.  Moreover  all  quick-speed  reciprocating 
engines  seemed  to  wear  themselves  out  in  a  comparatively  short 
space  of  time.  None  of  them  were  ever  heard  of  as  lasting  so  many 
years  as  the  old  beam  engines  and  other  slow-going  engines  had 
lasted,  many  of  which  nearly  a  century  old  were  still  at  work  he 
believed  in  this  country.  No  such  duration  was  realised  in  quick- 
running  reciprocating  engines,  which  seemed,  however  carefully  they 
were  made,  rapidly  to  disintegrate  themselves.  The  real  cause  he 
had  no  doubt  was  the  steam-hammer  action  alluded  to  by  Mr.  Kigg 
(page  235),  owing  to  which,  while  their  power  was  in  the  main 
employed  in  producing  rotation,  an  appreciable  portion  thereof  was 
expended  in  pulling  the  engine  itself  to  pieces.  The  desirability 
had  frequently  been  urged  of  making  quick-speed  engines  single- 
acting,  so  that  the  connecting-rods  should  always  be  working  on  the 
same  side  of  the  crank-pin,  either  pushing  the  crank-pin  or  being 
pushed  by  it,  and  consequently  keeping  always  close  up  against  it. 
This  was  no  doubt  a  valuable  idea,  but  he  thought  the  plan  was  not 
wholly  advantageous.  The  slight  slogger  or  play  of  the  connecting- 
rod  working  on  both  sides  of  the  crank-pin  in  a  double-acting 
engine  was  of  some  advantage  he  believed  in  allowing  the  oil  to  get 
round  the  crank-pin  at  each  revolution.  He  had  himself  had 
experience  of  a  large  single-acting  throe-cylinder  engine,  in  which 
the  cylinders  were  each  21  inches  diameter,  and  the  pressure  on  the 
crank-pin  was  always  in  the  same  direction ;  and  although  the 
crank-pin  was  partly  uncovered  and  working  in  the  exhaust  steam, 
and  although  there  was  an  impermeator  constantly  at  work  supplying 
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oil,  and  there  was  a  lubricator  to  pass  oil  down  througli  one  of  the 
connecting-rods  to  the  crank-pin,  yet  the  engine  entirely  failed, 
because  it  was  impossible  to  lubricate  the  crank-pin  efficiently.  It 
might  be  that  the  pressure  per  square  inch  on  the  latter  was  too 
great ;  but  at  any  rate  under  the  circumstances  it  could  not  be 
lubricated.  The  connecting-rods  seemed  to  him  to  hug  the  crank- 
pin  so  closely  as  to  squeeze  all  oil  out,  and  prevent  any  more  from 
getting  in ;  it  therefore  appeared  to  be  not  always  an  advantage  to 
adopt  the  single-acting  plan.  The  engine  now  described,  which  he 
understood  was  still  experimental,  would  be  carried  on  he  trusted 
so  as  to  make  it  as  perfect  as  possible,  and  to  see  whether  there 
was  really  any  advantage  in  the  design. 

Mr.  William  Schonhexdek  noticed  that  it  was  not  intended  at 
present  to  make  this  high-speed  engine  above  80  horse-power 
(page  223),  which  seemed  rather  a  small  power ;  and  he  feared  such 
an  engine  would  not  be  of  much  use  commercially,  whether  for 
electric  lighting  or  for  other  purposes.  He  should  be  glad  to  know 
whether  there  was  any  reason  why  it  should  not  be  made  of  larger 
power.  An  important  point  which  seemed  to  him  to  be  rather 
unfavourable  to  the  engine  was  that,  in  consequence  of  the  cranks 
being  so  nearly  opposite  each  other,  it  was  really  almost  like  a 
single-crank  engine,  and  requii'ed  a  heavy  fly-wheel  to  regulate  it ; 
and  there  would  presumably  be  considerable  difficulty  in  starting  it, 
especially  if  there  was  a  load  upon  it.  As  to  the  difficulty  of 
lubricating  the  bearings  when  the  pressure  was  always  in  the  same 
direction,  the  true  cause  he  considered  was  simply  that  too  little  bearing 
surface  was  allowed  in  jiroportion  to  the  pressure  and  to  the  velocity. 
Hence  it  was  that,  as  was  well  known,  in  bearings  for  the  fly-wheel 
end  of  a  crank-shaft,  for  instance,  where  the  pressure  continued 
always  downwards,  a  much  larger  surface  had  to  be  allowed,  so  that 
the  pressure  per  square  inch  should  not  exceed  about  200  lbs,, 
otherwise  heating  took  place.  It  was  the  same  with  axles  for 
railway  carriages,  and  in  various  other  cases,  where  the  pressure  was 
always  in  the  same  direction ;  and  practically,  if  sufficient  surface 
was  allowed,  there  was  no  difficulty  about  the  lubrication.     All  such 
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bearings  ran  ■U'ell  enough,  in  spite  of  the  pressure  being  always 
in  the  same  direction,  provided  it  did  not  exceed  the  limit  just 
mentioned  of  about  200  lbs.  per  square  inch. 

Mr.  Charles  E.  Cowper  asked  whether  any  calculation  had  been 
made  of  the  most  advantageous  weight  for  the  moving  parts,  in 
consideration  of  the  eifect  that  their  momentum  would  have  upon 
the  working  of  the  engine.  For  a  given  size  engine  running  at  a 
given  speed,  he  should  imagine  that  a  certain  weight  of  pistons 
would  give  a  better  result  than  any  other ;  or  in  other  words,  an 
engine  with  a  given  weight  of  j)istons  would  work  better  at  a  certain 
speed  than  at  any  other.  The  weight  of  the  moving  parts  served  of 
course  to  make  uj)  for  the  loss  in  the  indicator  diagram  caused  by 
an  early  cut-off,  because  the  momentum  of  the  pistons  helped  the 
engine  through  the  latter  part  of  the  stroke ;  this  seemed  to  him 
to  be  rather  an  important  feature.  A  minor  question  which  he 
wished  to  ask  was  whether  the  engine  had  been  tried  without  the 
bath  of  lubricant.  The  bath  he  was  aware  was  not  peculiar  to  this 
engine,  being  used  in  other  high-speed  engines ;  but  it  appeared  to 
him  that  the  power  absorbed  in  dashing  the  water  and  oil  about  must 
in  a  small  engine  be  appreciable  at  a  high  speed.  Some  years  ago 
he  had  been  engaged  in  the  experiments  tried  at  Erith  by  his  late 
father  and  Dr.  Anderson,  upon  which  a  paper  had  been  read 
at  the  Manchester  Meeting  of  the  British  Association  in  1887 
(page  562),  with  the  object  of  confirming  or  correcting  Joule's 
mechanical  equivalent  of  heat.  A  6-H.P.  engine  was  employed 
to  drive  a  Fronde's  dynamometer,  and  the  whole  of  the  5  H.P.  was 
absorbed  in  simply  churning  the  water  and  heating  it  from  the 
temperature  of  a  cold  bath  uj)  to  the  temperature  of  a  hot  bath. 
That  fact,  having  been  so  strongly  impressed  ujwn  his  mind, 
suggested  to  him  that  in  an  engine  of  this  kind  and  of  small  power 
some  appreciable  percentage  of  the  i)ower  might  be  absorbed  by  the 
dashing  about  of  the  oil  and  water  in  the  bath. 

Mr.  William  Daniel  enquired  about  the  governing  properties  of 
the  engine  and  its  steady  running.     In  connection  with  its  high 
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speed  lie  noticed  that  the  driving  of  dynamos  was  mentioned 
(page  224),  for  which  purpose  a  fairly  constantly  steady  speed  was 
required.  Governors  were  also  mentioned  in  page  22G,  but  without 
being  described ;  and  he  should  therefore  bo  glad  to  know  whether 
any  experiments  had  been  made  to  show  how  steadily  the  engine  ran 
with  varying  loads. 

Mr.  Anderson  said  that  of  course  it  was  not  pretended  that  this 
engine  was  the  most  economical  that  could  be  devised.  It  had  been 
designed  as  an  engine  of  the  single-acting  class,  with  a  particularly 
simple  motion  ;  and  the  problem  was  to  get  the  best  possible  result 
from  it  within  the  limits  so  imposed.  The  valve  diagrams  and  the 
indicator  diagrams  could  not  be  altered  more  than  a  certain  small 
amount.  The  great  compression  for  instance  (page  241)  was  a 
necessary  consequence  of  the  design  of  the  engine,  and  its  extent 
could  not  be  altered  much.  The  cut-off  too  had  to  take  place  about 
where  it  was  shown  in  the  valve  diagrams,  and  had  to  be  made  the 
best  of,  whether  it  was  right  or  wrong.  The  heavy  pistons  he 
thought  were  not  altogether  a  disadvantage  (page  235),  because,  as 
rightly  pointed  out  by  Mr.  Cowper  (page  245),  energy  was  stored  up 
in  the  pistons  during  the  first  part  of  the  stroke,  and  was  given  out 
again  towards  the  end  of  the  stroke,  so  that  no  j^ower  was  lost 
thereby.  Nevertheless  it  had  been  endeavoured  to  make  the  pistons 
as  light  as  possible,  consistently  with  the  design  of  the  engine. 
Cast-iron  jHstons  could  not  be  made  of  less  than  a  certain  thickness, 
which  as  shown  in  the  drawings  was  only  something  like  5-16ths 
to  3-8ths  inch  for  the  diameter  of  12  inches  ;  the  necessary  strength 
could  not  be  got  at  much  less  than  this.  The  thickness  being  thus 
settled,  the  weight  was  a  necessary  consequence,  until  perhaps  some 
modification  of  design  was  devised  which  would  admit  of  a  lighter 
pattern  of  piston. 

There  was  a  tight  place  in  this  engine  precisely  the  same  as  there 
would  be  in  an  ordinary  engine  of  the  same  size  and  proportions, 
working  with  the  same  steam  distribution  and  pressure.  With 
equal  load  on  the  centre  crank  of  the  Grafton  engine  and  the 
crank  of  the  ordinary  engine,  the  load  on  the  side  cranks  of  the 
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former  and  the  load  on  tlie  sliaft  journals  of  the  latter  would  also 
be  equal,  so  far  as  they  were  due  to  steam  pressure  in  the  cylinder ; 
it  was  therefore  obvious  that  the  tight  place  would  be  identical  in 
both  engines,  other  things  being  equal.  With  the  engine  standing 
on  the  top  dead  centre,  and  the  steam  on,  there  would  consequently 
be  precisely  the  same  amount  of  binding  in  it  as  in  the  ordinary 
engine ;  and  the  turning  moment  at  that  instant  would  also  be  the 
same  as  in  the  ordinary  engine,  namely  nothing ;  since  there  was  no 
effective  length  of  arm  in  this  or  any  other  single  engine,  when  it 
was  on  the  dead  centre.  The  statical  moment  of  the  friction  of  the 
engine  when  standing  on  the  dead  centre  with  steam  on  was 
obviously  not  a  fair  measure  of  the  maximum  friction  when  the 
engine  was  running,  for  the  reason  that  the  co-eflficient  of  friction  of 
repose  was  greater  than  that  of  motion ;  and  when  the  engine  was 
running  the  effect  of  the  inertia  of  the  pistons  was  to  reduce  materially 
the  load  on  the  crank  j)ins  at  the  commencement  of  the  stroke, 
compared  with  the  steam  load  on  the  pistons  at  the  same  instant. 

The  idea  that  the  top  piston  was  water-jacketed  (page  233)  was 
quite  a  misconception ;  the  piston  head  j)roper  was  protected  by  the 
diaphragm  above  it,  enclosing  an  air  space,  into  which  water  had  no 
access.  It  was  only  by  means  of  a  screw  plug  that  the  oil  in  the 
ball  was  prevented  from  being  thrown  out  at  the  top  of  the  stem  of 
the  ball ;  it  was  obvious  therefore  that  water  could  not  lie  upon  the 
diaphragm,  to  say  nothing  of  finding  its  way  past  the  diaphragm  into 
the  space,  when  the  engine  was  running,  even  supposing  a  supply  of 
water  was  forthcoming  for  the  purpose.  It  was  no  doubt  desirable 
to  reduce  the  surface  of  the  piston  exposed  to  the  steam  ;  and  the 
particular  form  of  pistons  here  shown  had  larger  exposed  surfaces 
than  simple  flat  pistons  of  the  same  diameter  would  have.  The  total 
surface  exposed  to  the  steam  however  was  no  larger  than  the  surface 
similarly  exposed  would  be  in  an  ordinary  engine  of  the  same  size 
and  proportions,  with  a  piston- valve  set  to  give  the  same  distribution  • 
for  in  the  latter  case  there  would  be  the  surface  of  steam  jjassafes 
which  did  not  exist  in  this  engine  ;  moreover  the  fluctuation  of 
temperature  of  the  piston  surfaces  was  necessarily  neutralized 
largely  in  this  engine  by  reason  of  the  high  speed  it  was  run  at. 
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The  temperature  of  tlie  batli  of  lubricant  (page  234)  liad  not 
been  ascertained,  as  there  was  nothing  to  be  gained  by  doing  so. 
The  bath  was  a  necessity  in  this  engine^  as  it  was  in  others  of  the 
same  class  ;  and  whatever  amount  of  heat  might  be  contained  in  the 
bath  was  accounted  for  in  the  steam  consumption  and  in  the  friction 
of  15  per  cent.  The  engine  had  not  been  tried  without  the  bath  of 
lubricant  (page  245). 

In  calculating  the  indicated  horse-power,  the  distance  that  the 
pistons  travelled  to  and  from  each  other  had  been  taken  as  the 
effective  stroke,  as  explained  in  the  jiaper  under  the  head  of  length 
of  stroke ;  and  consequently  any  brake  action  such  as  that  spoken  of 
by  Mr.  Eichards  (page  234)  was  allowed  for. 

With  regard  to  compression  in  the  steam  diagram  (page  235),  it 
had  not  been  advocated  in  the  abstract  as  a  source  of  economy. 
There  could  be  no  immediate  economy  in  alternately  compressing 
and  expanding  a  volume  either  of  steam  or  of  aii*  or  other  elastic 
fluid ;  but  as  an  expedient  it  was  quite  justifiable,  and  the  loss 
attending  it  was  entirely  dependent  upon  the  conditions  under  which 
it  was  employed.  In  an  air-buffer  cylinder,  in  which  the  air  was 
alternately  compressed  from  and  exj)anded  down  to  the  same 
pressure,  the  loss  theoretically  was  nothing.  If  however  the 
compressed  cushion  were  allowed  to  escape  freely  into  the  atmosphere, 
the  whole  of  the  energy  stored  therein  would  for  all  practical 
purposes  be  entirely  lost.  To  recover  all  the  energy  of  the 
compressed  cushion  of  steam  in  an  engine,  it  was  therefore  necessary 
that  the  compression  and  expansion  should  be  in  inverse  ratios ;  and 
to  lose  all  the  energy  of  the  compression,  it  was  only  necessary  to 
allow  the  steam  so  compressed  to  escape  from  the  cylinder  without 
expanding  therein.  It  was  therefore  obvious  that  anything  between 
these  two  extremes  meant  recovery,  in  some  degree,  of  the  energy  of 
the  cushion  ;  and  the  amount  so  recovered  was  indicated  by  that 
portion  of  the  area  contained  by  the  compression  diagram  above  a 
horizontal  line  drawn  through  the  final  pressure  of  the  expanding- 
steam  at  release ;  while  the  area  of  the  remaining  or  bottom  portion 
of  the  compression  diagram,  contained  between  this  line  and  the 
line  of  back   pressure,  represented   the   loss.     The  conclusion  was 
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therefore  evident  that  the  energy  of  the  pistons  might  he  accumulated 
by  an  exhaust-steam  cushion,  with  but  little  sacrifice  of  economy 
in  an  engine  expanding  -well  down  to  the  back-pressure  line. 
Incidentally  however  there  was  a  jjositive  advantage  in  the  steam 
cushion,  seeing  that  it  was  obtained  by  early  closing  of  the  exhaust ; 
and  consequently  the  period  during  which  the  cylinder  was  open  to 
the  cooling  effect  of  exhausting  was  much  reduced.  As  to  a  popular 
prejudice  against  slide-valves  (page  236),  the  fact  that  the  valve  in 
this  engine  was  a  piston-valve  practically  entailing  no  waste  space, 
while  at  the  same  time  it  was  also  a  power-developing  piston,  was 
alone  ample  justification  of  its  adoption. 

For  the  packing  of  the  pistons  (page  239),  no  doubt  a  more 
perfect  plan  could  be  used ;  but  it  would  make  the  pistons  still 
heavier,  and  would  take  away  from  the  simplicity  of  the  engine, 
which  was  one  of  its  main  features.  The  Mather  and  Piatt  packing 
had  been  tried  in  one  instance  for  the  broad  ring  in  the  top 
piston  which  worked  over  the  steam  port ;  that  added  of  course 
considerably  to  the  weight,  because  provision  had  to  be  made  for 
getting  it  into  the  piston,  the  thickness  of  which  was  thereby 
increased ;  but  no  doubt  it  was  a  better  job. 

As  regarded  the  mechanical  efficiency  (page  240),  some  brake  tests 
had  been  made ;  but  as  he  had  not  been  altogether  satisfied  with  the 
indicator  diagrams,  it  had  been  thought  wiser  not  to  include  this 
matter  in  the  paper ;  all  that  could  be  said  at  present  was  that,  so 
far  as  could  be  judged,  the  mechanical  efficiency  was  much  the  same 
as  usual  in  high-speed  engines,  the  brake  horse-power  being  about 
85  per  cent,  of  the  indicated  horse-power.  The  experiments  had 
varied  from  83  per  cent,  upwards.  When  the  engine  was  as  perfect 
as  it  could  be  got,  a  proper  series  of  experiments  would  be  made. 

The  engine  could  be  steam-jacketed  (page  240)  without  much 
trouble,  as  mentioned  in  page  224,  because  the  cylinders  themselves 
were  already  liners  pushed  in,  and  it  would  be  easy  to  form  a  jacket 
with  these. 

As  to  the  calibration  of  the  Perry  indicator  (page  233),  there 
was  no  difficulty  in  effecting  this  by  placing  an  ordinary  indicator 
beside  it  on  a  T  pipe,  and  admitting  steam  of  various  pressures 
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simultaneously  into  both.  In  this  manner  the  spot  of  light  would 
take  up  various  positions  on  the  screen,  corresponding  with  positions 
of  the  ordinary  indicator  pointer,  the  value  of  which  latter  would  of 
course  be  known.  Or  it  might  be  done  in  a  similar  manner  with  a 
pressure  gauge,  only  the  indicator  was  probably  more  trustworthy. 
The  ingenious  way  suggested  by  Mr.  A.  P.  Head  (page  242)  for 
making  a  correction  for  the  uneven  scale  of  pressure  would  doubtless 
be  worth  trying ;  only  it  would  be  necessary  for  the  scale  to  vary 
regularly.  It  was  true  that  at  low  speeds  (page  24:1)  all  that 
could  be  seen  was  only  a  spot  of  light  moving  over  the  paper ;  but 
at  about  200  revolutions  per  minute  it  began  to  show  a  continuous 
line.  At  the  speed  at  which  this  engine  ran  the  diagram  was  quite 
continuous,  and  remained  so  steady  the  whole  time  that  it  could  be 
traced  with  a  pencil  or  photographed.  The  diagrams  shown  in  Figs. 
17  to  19,  Plate  53,  were  from  photographs. 

The  steam  consumption  given  in  the  pai)er,  28  •  2  lbs.  of  feed- 
water  per  I.H.P.  per  hour,  was  the  consumption  when  the  engine 
was  working  non-condensing  (page  241),  A  quantitative  experiment 
had  not  yet  been  tried  when  condensing. 

On  reference  to  the  valve  diagrams,  Figs.  8,  9,  and  10,  Plates  49 
and  50,  it  would  be  seen  that  the  points  of  cut-off  and  compression 
did  not  depend  upon  each  other  (page  241),  but  that  any  alteration 
in  the  point  of  compression  affected  the  point  of  release,  and  a  later 
compression  meant  an  earlier  release.  The  release  was  already 
early  enough,  and  this  fixed  the  compression.  In  a  similar  way  the 
points  of  admission  and  cut-off  were  interdependent. 

As  pointed  out  in  the  paper  (page  225)  perfect  balancing  was  not 
possible  in  this  engine,  arid  the  reason  assigned  by  Mr.  Head 
(page  242)  was  the  proper  one ;  but  the  unbalanced  moments  were 
not  large,  and  the  engine  could  practically  be  run  at  a  very  high 
speed.  In  reply  to  Mr.  Cowper's  enquiry  (page  245),  the  inertia 
diagram  had  been  made  out  for  the  engine,  and  the  speed  was 
limited  to  that  which  would  cause  no  reversal  of  stress  on  the  crank- 
pins,  so  as  to  avoid  making  any  noise. 

The  instance  given  by  Mr.  Head  of  difficulty  in  the  lubrication 
of  a  single-acting  engine  (page  244)  was  curious ;  and  it  would  be 
interesting  to  know  the  pressure  on  the  bearings. 
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In  regard  to  the  size  cf  the  engine  (page  244),  it  had  been 
mentioned  in  the  paper  as  80  horse-power  because  he  thought  that, 
when  engines  were  wanted  of  more  than  this  power,  the  users  would 
hardly  be  content  with  a  simple  engine,  but  would  require  a 
compound ;  and  it  seemed  to  him  that  there  was  not  likely  to  be 
any  commercial  value  in  an  engine  of  this  kind  if  of  larger  power. 

No  difficulty  had  ever  been  experienced  in  starting  (page  244). 
There  had  been  an  idea  beforehand  that  there  might  be  some 
difficulty,  but  it  had  never  proved  to  be  so  ;  the  engine  started  quite 
easily. 

No  special  experiments  had  been  tried  as  to  governing 
(page  246).  There  was  no  reason  he  thought  to  suppose  that  this 
engine  would  not  govern  as  well  as  any  other. 

The  President  said  the  author  had  dealt  not  only  with  the 
construction  of  this  particular  high-speed  engine,  but  also  with 
sundry  points  concerning  valve  diagrams  and  the  use  of  indicators 
at  high  speeds,  which  were  themselves  of  great  interest.  The 
discussion,  he  was  afraid,  had  judiciously  shirked  some  of  the  most 
difficult  of  these  points,  especially  those  connected  with  the  valve 
diagrams  shown  in  Figs.  6  to  10,  Plates  48  to  50.  These  however 
he  had  no  doubt  would  form  material  for  careful  study  for  some  time 
to  come.  On  the  question  of  high  versus  low  speeds,  and  especially 
of  lubrication  at  high  speeds,  he  had  listened  with  interest  to  the 
views  of  Mr.  Head  (page  243),  and  should  much  have  liked  to 
express  his  own ;  but  it  would  be  hardly  in  order  to  go  into  any 
general  discussion  of  such  a  question.  The  subject  he  hoped  might 
be  brought  before  the  members  formally  at  some  time  by  a  special 
paper,  and  be  thoroughly  discussed.  Meanwhile  he  was  sure  the 
members  would  all  join  him  in  a  hearty  vote  of  thanks  to 
Mr.  Anderson  for  his  pajier,  and  especially  for  the  thorough  and 
complete  manner  in  which  he  had  worked  out  the  complex  details 
of  his  subject  for  putting  it  before  tliem. 
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DESCRIPTION  OF  A  FLUID-PEESSURE  REVERSING  GEAR 
FOR  LOCOMOTIVE  ENGINES. 


By  Mr.  DAVID  JOY,  of  Loxdox. 


Single-Eccentric  Valve-Gear. — Ever  since  his  former  paper  to  this 
Institution  in  1880  (Proceedings  page  418)  describing  the  radial 
valve-gear  which  he  was  then  introducing,  the  writer  has  entertained 
the  idea  of  a  yet  simpler  and  more  direct  form  of  Reversing  and 
Expansion  Valve-Gear  than  either  the  radial  itself  or  any  other  plan 
hitherto  in  use.  Notwithstanding  the  success  achieved  with  the  radial 
gear,  the  difficulties  encountered  in  its  introduction  convinced  him 
that  a  better  plan  was  required,  and  enabled  him  to  see  the  direction 
in  which  to  work.  From  the  outset  the  idea  kept  prominently 
in  view  was  that  only  a  single  set  of  pieces  of  mechanism  should 
be  employed,  instead  of  a  duplicate  set,  for  actuating  the  valve  from 
the  crank  axle,  and  also  for  reversing  from  forward  to  backward 
gear ;  and  further,  that  reversal  should  be  accomplished  by  the 
change  of  position  of  the  gear,  as  in  the  radial  gear,  and  not  by 
the  addition,  as  in  the  link  gear,  of  other  and  distinct  parts  for 
backward  running.  Accordingly  the  single  eccentric  with  shifting 
position  on  the  crank  axle,  as  in  Dodds'  wedge-motion,  naturally 
recommended  itself  for  adoption :  while  the  difficulties  and 
complication  involved  in  any  attempt  to  effect  the  shifting  by 
mechanical  connections  through  levers,  links,  screws,  or  friction 
gear,  which  would  have  been  fatal  to  practical  success,  led  the 
writer  to  throw  all  such  expedients  aside,  and  to  have  recourse  to  the 
employment  of  fluid  pressure,  by  means  of  oil  or  other  fluid  conveyed 
through  the  centre  of  the  axle  itself  for  shifting  the  position  of  the 
eccentric.  The  purpose  of  the  present  paper  is  to  describe  the 
construction  and  working  of  the  Fluid-Pressure  Reversing  Gear 
designed  in  conformity  with  the  foregoing  ideas,  and  already  in 
practical  use  for  locomotive  running. 
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The  general  principle  of  the  fluid-pressure  reversing  gear  will  be 
readily  understood  from  a  comparison  of  the  skeleton  diagrams, 
Figs.  14  and  15,  Plate  62,  showing  the  main  centre  lines  of  the 
ordinary  link  gear  and  of  the  fluid-pressure  gear.  In  the  link 
gear,  Fig.  14,  with  its  two  eccentrics  F  and  B  for  forward  and 
backward  going  respectively,  the  motion  of  either  is  transmitted 
to  the  valve  spindle  V  through  the  motion  link  L  coupling  the 
outer  ends  of  the  two  eccentric  rods.  In  the  fluid-pressure  gear. 
Fig.  15,  the  same  result  is  obtained  more  correctly  and  with 
less  than  half  the  number  of  parts,  by  employing  only  a  single 
eccentric,  and  shifting  it  transversely  across  the  axle  from  side  to 
side  for  forward  or  backward  gear.  For  this  purpose  the  axle  is 
squared  where  the  eccentric  is  mounted  upon  it ;  and  an  oblong  slot 
through  the  eccentric  allows  it  to  be  slid  across  from  side  to  side  of 
the  axle.  In  each  end  of  the  slot  is  formed  a  small  cylinder,  which 
works  over  a  corresponding  ram  fixed  on  opposite  faces  of  the  square 
on  the  axle.  It  only  remains  to  force  oil  or  other  fluid  under 
pressure  into  either  end  of  the  axle,  and  thence  into  one  or  other  of  the 
two  small  cylinders,  according  as  it  is  required  to  move  the  eccentric 
into  either  position  for  forward  or  backward  gear,  or  to  hold  it 
between  these  extremes  for  any  point  of  expansion  or  for  mid  gear. 
The  oil  is  made  to  pass  into  either  end  of  the  axle  by  a  small 
cylinder,  placed  on  the  footplate  of  the  engine,  and  fitted  with  a 
piston  which  is  moved  either  by  a  handwheel  and  screw  or  by  steam, 
or  by  both. 

The  arrangement  is  shown  in  Plates  56  to  62,  as  adapted  for 
locomotives. 

Fig.  6,  Plate  GO,  is  a  cross  section  through  the  crank  axle  and 
the  square  block  mounted  upon  it,  on  which  the  eccentric  slides. 
Fig.  7  is  a  plan  showing  the  square  block  and  the  two  pairs  of 
rams  upon  it,  with  the  near  halves  of  the  eccentrics  removed.  Fig.  8 
is  a  longitudinal  section  through  the  centre  line  of  the  axle.  Figs. 
11  and  12,  Plate  61,  are  longitudinal  and  cross  sections  through 
the  axle  and  block,  the  former  view  being  taken  diagonally  through 
the  corners  of  the  block,  in  order  to  show  the  passages  for  the  oil 
from  either  end  of  the  axle  into  the  respective  cylinders  for  moving 
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the  eccentrics  into  forward  or  backward  gear.  This  is  also  shown 
by  the  small  model  exhibited. 

Fig.  1,  Plate  58,  is  a  side  view  of  a  locomotive,  showing  specially 
the  reversing  cylinder  C  on  the  footj)late,  from  which  the  oil  is  forced 
into  either  end  of  the  axle  through  the  pipes  PP.  Fig.  2  is  a  back 
view  and  Fig.  3  a  plan  of  this  part. 

In  Plate  56  is  shown  a  photograph  of  the  "  Sussex  "  locomotive,  a 
passenger  engine  on  the  London  Brighton  and  South  Coast  Eailway, 
which  has  been  fitted  with  this  reversing  gear.  Also  in  Plate  57  a 
photograph  of  the  driving  wheels  stripped,  showing  one  set  of  valve 
gear  complete,  and  the  eccentric  on  the  other  side  removed  to  show 
the  rams  and  cylinders. 

Construction  of  Gear. — The  sq[uare  block  B,  Figs.  6  and  7,  Plate  60, 
mounted  on  the  crank  axle,  is  jDarted  diagonally  and  bolted  together 
at  the  corners,  its  four  faces  being  planed  to  the  square.  On  two 
opposite  faces  are  cast  the  rams  R  working  in  the  small  cylinders 
cast  in  the  two  halves  of  the  eccentric  E,  which  are  bolted  together 
on  the  centre  line  as  usual.  The  internal  faces  of  the  slot  in  the 
eccentric  are  planed  to  slide  upon  the  parallel  faces  of  the  block 
The  slot  is  long  enough  to  allow  the  eccentric  to  slide  across  the 
centre  line  of  the  axle  into  the  extreme  positions  of  forward  and 
backward  gear ;  and  the  block  is  so  set  on  the  axle  as  to  give  this 
motion  at  right  angles  across  the  line  of  the  crank  (when  the  piston  is 
at  either  extremity  of  its  stroke)  and  outside  the  centre  line  of  the 
axle.  Ii  however  the  centre  line  of  the  valve  spindle  is  not  parallel 
vsdth  the  centre  line  of  the  piston  rod  when  both  are  projected  upon 
the  same  vertical  plane,  then  the  block  must  be  slightly  turned 
round  upon  the  axle,  until  at  either  extremity  of  the  piston  stroke 
the  slot  is  at  right  angles  to  the  centre  line  of  the  valve  sj)LQdle, 
instead  of  to  that  of  the  crank. 

Oil. — The  oil  enters  at  each  end  of  the  axle,  Plates  59  to  61,  and 
passes  along  the  central  hole  to  nearly  the  middle  of  the  length, 
whence  it  is  led  radially  into  the  two  longitudinal  channels  I  and  J 
formed  in  the  corners  of  the  block  B.  From  one  of  these  channels 
I  it  passes  to  the  two  rams  for  giving  forward  gear,  and  from  the  other 
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channel  J  to  tlie  other  two  oj)posite  rams  for  giving  backward 
motion.  The  oil  forced  from  the  reversing  cylinder  C  through  one 
of  the  pipes  P  to  either  j)air  of  rams  displaces  that  from  the  opposite 
pair,  and  drives  it  back  through  the  other  pipe  P  into  the  opposite  end 
of  the  reversing  cylinder  C.  It  thus  acts  as  a  continuous  non-elastic 
medium,  transmitting  exactly  the  motion  of  the  piston  in  the 
stationary  reversing  cylinder  C  on  the  footplate,  through  the  pijDes 
PP,  to  the  rams  actuating  the  eccentrics ;  and  the  eccentrics  are 
thereby  shifted  and  held  in  any  position,  without  being  affected  in 
the  slightest  by  the  revolution  of  the  axle,  and  quite  independently 
thereof.  The  fluid-pressure  reversing  gear  thus  serves  all  tho 
jiurposes  of  the  levers,  links  &c.,  which  have  hitherto  been  used  in 
other  reversing  gears,  but  is  devoid  of  parts  subject  to  wear  and  tear 
and  requiring  repair.  In  jjlace  of  adding  the  square  block  B,  as  is 
done  for  existing  engines,  for  new  work  the  j)art  of  the  axle  carrying 
the  eccentrics  may  itself  be  squared,  thereby  saving  the  cost  of 
fitting  the  block. 

As  an  additional  security  for  the  stability  of  the  eccentrics  in  any 
position,  and  in  order  to  keoi)  them  both  relatively  in  the  same  grade  of 
gear,  they  are  locked  together  in  the  manner  shown  dotted  in  Fig.  10, 
Plate  61,  by  means  of  a  pin  and  block  K,  fixed  in  the  inner  face  of 
one  eccentric,  and  sliding  diagonally  in  a  slot  S  formed  at  an  angle 
of  45°  in  the  inner  face  of  the  other  eccentric.  Thus  when  one 
eccentric  is  falling  vertically  from  full  forward  to  full  backward 
gear,  the  other  is  simultaneously  sliding  horizontally  through 
precisely  the  same  extent  of  shifting ;  and  for  all  intermediate 
positions  the  two  eccentrics  are  maintained  both  of  them  in  the  same 
grade.  As  each  is  in  its  best  position  to  sustain  the  strain  of  driving 
its  own  valve  at  the  time  when  the  other  is  in  its  worst  position,  they 
mutually  assist  in  keeping  each  other  in  place,  and  so  to  a 
considerable  extent  relieve  the  pressure  upon  the  oil. 

The  oil  pipes  PP  enter  the  ends  of  the  axle  through  stufiing- 
boxes,  as  shown  in  Fig.  5,  Plate  59  ;  the  gland  is  screwed  into  tho 
axle,  and  is  prevented  from  unscrewing  itself  during  the  revolution 
of  the  axle  by  a  squared  head  and  bridle  D.  A  collar  C  screwed  and 
pinned  on  the  inner  extremity  of  the  pipe  prevents  it  from  being 
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forced  out  of  the  glaud  by  the  pressure  of  the  oil,  which  has  varied 
from  60  to  100  lbs.  per  square  inch. 

Reversing  Ci/lind a:— The  reversing  cylinder,  filled  with  oil,  is 
shown  in  Fig.  13,  Plate  62.  It  is  placed  at  C,  Figs.  1  to  3,  Plate  58, 
on  the  engine  footplate  ;  and  from  its  opposite  ends  the  pipes  PP 
convey  the  oil  to  the  opposite  ends  of  the  crank  axle.  The  piston  in 
the  cylinder  is  moved  in  either  direction  by  a  screw  on  the  piston- 
rod,  which  works  in  a  nut  forming  the  boss  of  the  handwheel  H ; 
or  else,  as  shown  in  Fig.  13,  the  piston-rod  is  itself  the  nut,  in 
which  works  a  screw  rotated  by  the  handwheel.  Any  movement  of 
the  handwheel  thus  produces  a  corresponding  movement  of  the 
eccentrics.  The  movement  of  the  handwheel  is  assisted  by  a  small  air 
cylinder  A  added  in  front  of  the  oil  cylinder,  Plate  58  ;  by  admitting 
compressed  air  from  the  Westinghouse  brake  reservoir  into  either 
end  of  the  air  cylinder  through  a  four-way  cock,  the  reversing  is 
rendered  so  easy  that  it  can  be  done  with  only  a  couple  of  fingers 
on  the  handwheel,  even  when  the  engine  is  running  with  full 
steam  on. 

Pri7iciples.—Fi'om  the  foregoing  description  of  the  arrangement 
it  will  be  seen  that  the  two  leading  ideas  in  this  plan  of  reversing 
are : — firstly,  that  the  same  mechanism  is  employed  for  forward  and 
backward  running,  reversal  and  expansion  being  effected  simply  by  the 
change  of  position  of  the  mechanism ;  and  secondly,  that  this  change 
of  position  is  efiected,  not  by  any  mechanical  combination — which 
would  necessarily  be  complicated,  because  the  adjusting  power  must 

be  stationary  while  the  adjusted  mechanism  is  in  rapid  motion but 

by  fluid  pressure,  of  which  the  efficiency  is  independent  of  and 
unaffected  by  variety  of  movement  between  the  adjusting  and  the 
adjusted  mechanism. 

Advantages.  —  The  advantages  attending  this  plan  may  be 
enumerated  in  the  following  order. 

First,  simplicity  and  largely  reduced  number  of  parts.  Hence 
follows  reduced  liability  to  failure,  because  with  fewer  parts  there 
are  fewer  to   break   down,   and   the   parts   retained  may   be  made 
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stronger ;  the  fewer  joints  to  be  looked  after  and  lubricated  may 
also  be  better  attended  to.  If  any  part  of  the  fluid-pressure  gear 
should  fail,  the  only  result  is  that  the  eccentrics  gradually  slip  into 
full  gear  for  whichever  direction  the  engine  may  be  running  in  at 
the  time.  Thus  the  engine  is  still  perfectly  competent  to  bring  the 
train  home,  with  the  only  disadvantage  of  not  being  able  to  use 
expansion  for  the  time. 

Second,  truer  distribution  of  steam.  The  distribution  is  indeed 
almost  mathematically  correct,  both  for  the  front  and  back  ends  of 
the  cylinder,  and  also  for  forward  and  backward  gear  alike.  This  is 
prominently  shown  by  the  exactly  equal  beat  of  the  engine  at  all 
grades  of  expansion  and  when  running  in  either  direction. 

Third,  reduced  cost  of  repairs.  This  reduction  is  a  consequence 
not  merely  of  the  reduced  number  of  parts,  but  also  of  the  fact  that 
the  parts  retained  have  so  much  larger  wearing  surfaces  and  so  much 
smaller  an  amount  of  motion. 

Fourth,  considerably  reduced  first  cost.  In  the  construction  of 
the  gear  there  are  no  costly  forgings,  involving  also  expensive 
tooling.  Nearly  all  the  parts  are  castings,  like  cylinder  castings, 
calling  chiefly  for  boring  and  turning,  which  are  not  only  the  least 
costly  of  the  operations  in  the  tool  shop,  but  also  the  least  dependent 
on  the  workman  for  accuracy  and  finish.  For  every  mechanical 
detail  in  the  construction  of  the  gear  there  are  numerous  and 
satisfactory  precedents. 

Furthermore,  this  gear  can  be  adapted  to  every  position  where 
link  gear  is  used,  without  any  alteration  of  the  engine  ;  and  for 
compounds  it  can  be  arranged  to  give  varied  cut-off  for  the  high  and 
low-pressure  cylinders,  in  which  case  the  two  eccentrics  are  of  course 
not  connected  with  each  other  in  any  way.  It  is  so  simple  in  its 
construction  that  it  is  within  the  comiirchension  of  any  workman  ; 
and  after  it  has  originally  been  set  in  the  workshop  there  is  nothing 
left  for  the  driver  to  adjust.  It  is  therefore  not  liable  to  the  objection 
sometimes  raised  against  the  radial  gear,  that  the  drivers  know 
the  link  gear  but  cannot  be  got  to  understand  the  radial :  an 
imputation  however,  which  from  his  own  experience  the  writer  thinks 
not  fair  upon  their  intelligence. 
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Discussion. 

Mr.  Joy  said  that,  since  the  paper  had  been  prepared  nearly  six 
months  ago,  considerable  advance  had  been  made,  especially  in  the 
mode  of  packing  the  rams  in  the  eccentrics,  which  had  been  the 
subject  of  some  criticism ;  and  the  fear  had  been  expressed  that,  if 
the  crank-axle  got  heated  in  running,  the  leather  packings  would 
be  burnt  and  rendered  useless.  As  a  matter  of  fact  however  these 
leather  packings  had  been  working  for  months  ;  and  he  had  adopted 
them  originally  on  account  of  their  having  been  used  so  long 
for  the  Westinghouse  compressed-air  brake,  and  having  scarcely 
ever  been  found  to  fail.  On  the  table  was  shown  a  small  ram 
and  cylinder,  which  were  j)ractically  the  same  as  the  rams  and 
cylinders  of  the  eccentrics;  and  also  various  kinds  of  packings 
which  had  been  tested,  including  a  simj)le  ring  of  metal  of  U 
section,  Fig.  9,  Plate  60,  which  had  been  suggested  by  Mr.  BiLlinton. 
Finally  he  had  come  to  asbestos,  because  fire  would  not  touch  it. 
The  testing  cylinder  exhibited,  having  been  jDacked  with  asbestos, 
had  been  subjected  to  a  hydraulic  pressure  of  250  lbs.  per  square 
inch,  and  perfect  tightness  had  been  obtained.  Then  it  had  been 
j)ut  on  a  red-hot  j)late  in  a  smith's  forge,  in  order  to  get  as  nearly 
as  possible  the  conditions  of  a  ram  on  a  red-hot  axle  :  although  a 
locomotive  axle  never  did  get  red-hot.  After  having  been  kept  there 
for  half  an  hour,  it  was  again  tested,  and  the  asbestos  packing  was 
found  to  be  still  tight.  Then  the  packing  was  taken  out  for 
examination,  and  was  now  exhibited ;  and  it  would  be  seen  that  it 
was  as  good  as  when  put  in.  A  model  was  also  shown  of  the  centre 
part  of  the  crank-axle  -ndth  the  sc^uare  block  uj)on  it,  which  could  be 
jralled  to  pieces  so  as  to  show  the  channels  inside,  whereby  the  oil 
passed  from  either  end  of  the  axle  to  the  middle  of  its  length. 
The  channels  in  the  block  were  ma.de  by  cores  in  casting  it,  not  drilled 
out  afterwards  in  the  corners  Oa  the  block.  The  model  also  showed 
distinctly  the  inclined  slot,  ■•  thereby  the  two  eccentrics  were  kept 
together  in  exactly  their  cor  set  positions  relatively  to  each  other,  so 
that  each  assisted  the  other  by  means  of  the  fluid  pressure  in  their 
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two   rams.     The   fluid   need   not   be   all    oil,  or   any  one   fluid   in 
particular  ;  a  mixture  of  water  and  oil  answered  equally  well,  to  the 
extent  of  even   ten  parts   of  water  to  only  one  of  oil.     Drawings 
were  also  exhibited.  Figs.  16  to  19,  Plates  63  and  64,  representing 
the  marine  engines  of  the  "  Apollo  "  type  of  cruiser  in  the  royal 
navy.     These  engines  were  well  known  to  have   done  remarkably 
good  work;  in  every  case  they  had  gone  considerably  beyond  their 
contract  i^ower,  and  there  had  been  practically  no  breakdowns.   They 
had  therefore  been  taken  as  a  good  type  upon  which  to  illustrate  the 
application  of  the  fluid-pressure  reversing  gear  to  marine  engines 
generally.     Plate. 63   represented  the  existing  arrangement  of  link 
gear ;  Plate  64  represented  the  same  engines  with  the  fluid-pressure 
gear,  and  the  simplicity  of  its  application  was  seen  at  a  glance.      By 
means  of  the  full-size  working  model  exhibited  of  the  locomotive 
gear,  the  effect  was  exemplified  of  any  accidental  failure  of  the  fluid 
pressure :  on  turning  the  axle  round  by  hand,  as  it  would  revolve  in 
working,  it  was  seen  that,  if  the  fluid  pressure  failed,  the  eccentrics 
would   simply   drop   quietly  into   full   forward   or   backward    gear, 
according  to  the  direction   of  running  at  the  time,  and  the  engine 
would  still  be  in  a  position  to   go  along.     In  this  respect  the  action 
of  the  fluid-pressure  gear  was  so  far  similar  to  that  of  the  old  hand 
reversing  gear,  where  the  eccentric  had  a  snug  or  toggle  fast  on  it, 
allowing  it  to  slip   part  way  round   the    axle   in  either  direction, 
backward    or   forward,    till    it    engaged   with    a    similar    snug   on 
the  axle;  and  the  eccentric  being  driven  by  this  snug  had  always 
the    tendency  to   slip   towards    it,  that   is   to   fall   into   full    gear. 
The  engine  "  Sussex  "  shown  in  Plate  56    had   now  been  running 
over   twelve   months,    and    every   facility   had   been    given   by   the 
Brighton  Eailway  Company  through  their  locomotive  superintendent, 
Mr.    Billinton,  for   enabling  any  experiments  to  be  tried  with  the 
gear,  even  to  the  extent  of  a  breakdown  ;    and  on  one  occasion  a 
breakdown  had  been  arranged,  which  took  place  while  the  engine 
was  35  miles  away  from  home  with  a  train  ;  but   tlie   passengers 
knew  nothing  about  it.     The  engine   brought  the  train  home,  and 
there  was  no  difiercnce  beyond  burning  a  little  more  coal,  on  account 
of  having  to  run  the  whole  of  that  distance  in  full   gear  without 
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expansion.  By  the  kindness  of  Mr.  Billinton  the  engine  had  been 
on  view  in  steam  during  the  day  at  the  Victoria  Station  of  the 
London  Brighton  and  South  Coast  Railway. 

Mr.  Lewis  Eichakds  asked  if  the  lead  would  not  vary  as  the 
throw  of  the  eccentric  was  increased.  As  the  centre  of  the  eccentric 
travelled  here  in  a  straight  line  when  shifting  from  one  extreme 
position  to  the  other,  the  length  of  its  throw  must  diminish  from  full 
gear  to  mid  gear,  which  with  the  obliquity  of  the  eccentric  rod 
seemed  to  him  to  mean  some  variation  of  the  lead  in  mid  gear. 

Mr.  Joy  replied  it  was  quite  true  that  the  lead  did  vary  towards 
mid  gear ;  but  the  variation  was  so  minute  that  in  the  full-size  model 
exhibited  it  was  scarcely  visible,  as  was  at  once  verified  by  placing 
the  crank  on  either  the  front  or  the  back  centre,  and  shifting  the 
eccentric  across  from  one  extreme  of  full  gear  to  the  other  ;  it  was 
seen  that  the  valve  remained  practically  motionless.  In  fact  with 
63  inches  length  of  eccentric  rod,  as  here  shown,  and  l{r  inch  throw 
of  the  eccentric,  the  actual  amount  of  the  variation  was  only  0  •  02 
inch,  which  was  almost  inappreciable.  The  result  was  therefore 
practically  an  even  lead  for  all  grades  of  expansion. 

Mr.  T.  Hurry  Eiches,  Member  of  Council,  noticed  that  the 
drawings  showed  the  application  of  the  plan  to  engines  having 
outside  axle-boxes  and  single  drivers  ;  and  so  long  as  there  were  no 
coupling  rods  to  contend  with  and  no  outside  cranks,  there  seemed 
no  difficulty  in  getting  the  fluid  pressure  into  the  driving  axle  in  the 
manner  described  in  the  paper.  But  it  did  not  seem  quite  clear  how 
it  would  be  got  in  where  there  were  outside  cylinders  and  where 
there  were  coupling  rods.  Again  in  attaching  the  square  block  upon 
the  axle  there  appeared  to  be  the  difficulty  of  efficient  packing  for 
ensuring  security  from  leakage  of  the  oil  where  it  passed  out  of  the 
hole  in  the  axle  into  the  hole  in  the  block.  After  the  eccentric  had 
run  for  some  time,  he  feared  the  bearing  surface  of  the  block  must 
inevitably  get  somewhat  worn ;  and  it  appeared  to  him  that  there 
would  be  a  difficulty  in   maintaining   for   any  length   of  time   an 


April  1894.  FLUlD-PnESSURE  reversing  gear.  261 

absolute  security  against  waste.  If  any  leakage  did  occur,  lie 
gathered  from  the  description  already  given  that  the  slack  so 
occasioned  inside  the  fluid  passages  and  rams  would  allow  the 
eccentric  gradually  to  fall  into  full  gear,  and  thereby  some  fuel 
would  be  wasted.  Economy  of  fuel  was  of  such  importance  to  all 
railways,  that  they  naturally  looked  at  these  matters  with  a  rather 
critical  eye ;  and  before  launching  out  into  any  new  contrivance 
which  would  have  to  be  applied  largely  in  order  to  obtain  its  full 
advantage,  every  point  had  to  be  carefully  considered.  As  to  the 
general  idea  of  the  plan  now  described,  it  was  certainly  a  great 
advance  in  simplicity;  and  it  seemed  to  him  a  most  desirable 
improvement,  if  it  could  be  accomplished  so  satisfactorily  as 
represented  by  the  author. 

Mr.  George  Cawley  noticed  that  in  the  drawing  of  the  reversing 
cylinder,  Fig.  13,  Plate  62,  there  was  only  one  hand  wheel  for 
working  the  two  eccentrics.  For  pushing  the  eccentrics  over  into 
full  gear  from  one  extreme  to  the  other  he  could  understand  that  a 
single  handwheel  would  suffice  to  actuate  the  fluid  through  the 
whole  extent  of  the  stroke  of  the  rams.  But  supposing  that  the 
friction  on  one  eccentric  was  a  little  greater  than  on  the  other,  was 
there  any  possibility  that  in  an  intermediate  position  of  gear  one 
eccentric  might  have  a  greater  cut-off  than  the  other  '?  It  seemed  to 
him  that  the  correct  action  of  the  gear  depended  on  the  exact 
balancing  of  the  friction  of  the  two  eccentrics  ;  and  that  if  one  of 
them  had  a  slightly  easier  travel  than  the  other,  then,  although  the 
fluid  j)ressure  would  still  in  some  way  be  balanced  between  them,  yet 
they  would  not  both  have  the  same  cut-off". 

Mr.  Henry  Davey  recollected  that  the  beautiful  oscillating  engines 
of  the  late  Mr.  Penn's  design,  which  used  to  be  seen  in  the  steamers 
on  the  Thames,  had  the  shifting  eccentric  and  the  old  gab  or  gap 
device  by  which  the  eccentric-rod  end  was  disengaged  from  the 
valve-rod,  leaving  the  valve  to  be  moved  by  hand,  so  that  it  could 
be  brought  over  for  forward  or  backward  running  while  the  shaft 
was  turned  round  to  engage  again  with  the  eccentric  in  the  reversed 
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position.     If  it  ever  haiipened  in  that  arrangement  tliat  tlie  eccentric 

was  not  quite  free  on  the  shaft,  but  was  binding  upon  it,  the  eccentric 

might   be  held   in   a   false   j^osition  ;    but  immediately  the  friction 

disappeared,  the  obvious  tendency  was  always  to  run   into  its  true 

position. 

In  the  ajiplication  of  the  fluid-pressure  reversing  gear,  it  had  been 
explained  clearly  what  would  hapj)en  if  the  i)ressure  leaked  off  while 
the  locomotive  was  in  motion  ;  but  what  would  be  the  result  of  such 
an  accident  if  it  occurred  whilst  the  engine  was  standing  at  a  station, 
and  if  it  was  then  requii-ed  to  be  reversed  for  i-unning  in  the  opposite 
direction  ?  How  was  the  gear  going  to  be  started  from  a  state  of 
rest? 

With  respect  to  the  adoj)tion  of  a  fluid  consisting  of  ten  parts  of 
water  and  one  of  oil,  he  had  himself  had  about  twenty  years' 
experience  with  fluid  valve-gears,  and  having  commenced  with  oil 
had  then  gone  on  to  oil  and  water  mixed.  For  many  years  however 
he  had  now  used  nothing  but  distilled  water,  and  had  avoided  putting 
the  slightest  drop  of  oil  into  the  gear  ;  and  he  had  found  this  j^lan  to 
answer  best.  With  regard  to  the  packing,  in  the  fluid  gears  with 
which  he  had  had  experience  the  fluid  was  used  as  a  brake,  and  the 
distilled  water  naturally  got  hot,  because  it  had  to  absorb  mechanical 
power.  The  packing  which  he  used  was  simply  a  gun-metal  packing- 
ring,  which  was  very  accui'ately  fitted.  Some  of  the  gears  had  been 
working  for  twenty  years,  and  he  believed  no  new  packing  had  been 
put  into  them.  It  was  necessary  however  that  the  water  should 
be  absolutely  clean  and  free  from  grit.  The  great  difficulty 
experienced  at  first  was  that  the  sand  had  not  been  washed  out  from 
the  ports  of  the  cylinders  before  the  gear  was  put  to  work.  Asbestos 
for  packing  he  had  never  tried  ;  but  he  was  afraid,  if  it  were  attempted 
to  be  used  with  water  in  the  fluid-pressure  reversing  gear,  it  would 
be  attended  with  a  difficulty.  Asbestos  would  stand  extreme  heat ; 
but  it  would  not  stand  water.  So  long  as  it  could  be  kej)t  dry,  the 
metal  in  contact  with  it  might  be  made  red-hot  without  destroying 
the  asbestos ;  biit  if  it  were  exposed  to  water  or  oil  he  was  afraid  it 
would  be  found  that  it  would  be  quickly  destroyed.  On  this  account 
he  thought  Mr.  Joy  would  eventually  come  to  a  metallic  packing. 
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He  asked  whetlier  any  difficulty  had  been  funnd  from  tlio  expansion 
of  the  fluid.  It  was  in  a  confined  space,  and  there  did  not  seem  to  be 
any  safety-valve  anywhere.  If  the  fluid  happened  to  be  cold  when 
the  gear  was  started  in  the  morning,  and  got  warm  during  the  day, 
there  would  be  some  amount  of  expansion.  "What  provision  was 
there  for  giving  room  for  the  increased  volume  ?  The  greatest  fear 
he  had  for  the  gear  was  with  regard  to  leakage  ;  but  he  thought  this 
was  not  an  insurmountable  obstacle,  and  he  had  no  doubt  it  would  be 
got  over  and  that  no  practical  difficulty  would  be  experienced.  If 
there  was  any  considerable  amount  of  leakage,  it  seemed  to  him  that 
it  would  rather  upset  the  arrangement.  The  little  oil-cup  which  he 
noticed  was  placed  on  the  fluid-pressure  cylinder,  and  connected 
therewith  by  a  two-way  cock,  he  supposed  was  for  the  puri)ose  of 
admitting  a  little  more  oil,  should  there  be  a  vacant  space  left  by 
leakage.  That  was  a  device  which  he  had  constantly  used  himself 
in  his  own  gears.  Using  water  as  he  did  instead  of  oil,  he  had 
sometimes  connected  a  small  pipe  from  the  steam-pipe  to  each  end  of 
the  water  cylinder,  having  a  non-return  valve  on  the  pipe,  so  that 
the  condensation  of  steam  from  the  steam-pipe  automatically  sui)2)lied 
the  loss  from  leakage. 

Mr.  J.  Lyons  Sampson  asked  what  provision  was  made  to  prevent 
the  fluid  from  freezing  in  the  pipes.  If  the  fluid  were  frozen  solid, 
it  would  be  rather  awkward  to  start  with  a  gear  of  this  kind.  The 
exjjosed  position  and  small  size  of  the  pijDes  would  render  them 
sj)ecially  liable  to  this  defect  in  frosty  weather. 

Mr.  William  Schonheyder  thought  the  gear  seemed  to  have  most 
of  the  advantages  which  were  ascribed  to  it  in  the  pai)er.  It  was 
certainly  simple,  and  must  be  cheap  to  make ;  and  there  was  jn-actically 
no  wear  on  it.  The  difficulty  mentioned  (page  2G0)  as  to  the 
slackness  of  the  eccentric  on  the  square  block  he  thought  would 
hardly  arise,  especially  if  the  gear  were  applied  to  a  new  engine,  in 
which  the  square  would  be  forged  on  the  axle,  and  the  rams  also 
would  be  forged  on  the  axle.  By  that  means  the  pressure  for  driving 
the  eccentric  round  was  exerted  by  surfaces  which  were  forged  solid 
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on  tlie  axle,  and  were  at  a  considerable  distance  from  the  centre 
of  it,  and  he  thought  the  wear  would  therefore  be  exceedingly 
small.  At  the  same  time  there  seemed  to  him  to  be  also  some 
considerable  disadvantages  connected  with  the  fluid-pressure  gear. 
How  was  the  driver  on  the  footplate  to  know  the  position  of  the 
eccentrics  ?  From  the  position  of  the  piston  in  the  reversing  cylinder 
it  did  not  follow  that  the  eccentrics  were  in  a  corresponding 
position,  because  if  there  was  leakage  in  either  of  the  passages  the 
eccentrics  might  have  shifted  their  position  without  the  driver 
knowing  it.  Unless  there  was  some  kind  of  tell-tale,  it  seemed 
impossible  to  know  what  position  the  gear  was  in.  Moreover  if  the 
leakage  would  cause  the  eccentrics  to  go  into  full  gear,  it  seemed  to 
him  that  they  must  be  always  going  into  full  gear,  because  it  appeared 
unlikely  that  any  arrangement  of  this  kind  would  last  tight  for  any 
length  of  time ;  if  there  was  the  slightest  leakage,  it  was  only  a 
matter  of  time  for  the  eccentrics  to  go  into  full  gear.  In  the 
application  of  the  plan  to  marine  engines,  it  seemed  simple  enough 
to  provide  pipe  connections  to  a  couple  of  eccentrics,  as  in  locomotives  ; 
but  he  did  not  understand  how  three  eccentrics  were  provided  for, 
unless  instead  of  only  one  hole  two  holes  were  drilled  in  the  shaft, 
because  in  a  triple  engine  the  passage  drilled  into  the  forward  end  of 
the  shaft  and  that  drilled  into  the  after  end  must  cross  each  other 
somewhere,  in  order  to  get  to  the  third  eccentric  situated  midway  in 
the  length  of  the  shaft.  If  the  gear  was  to  be  the  success  that  he 
hoped  it  would  be,  he  would  suggest  that,  instead  of  using  two  pairs 
of  rams  and  cylinders  for  reversing  two  eccentrics,  one  pair  alone 
might  be  made  to  do  for  both  eccentrics  :  instead  of  a  pair  of  rams 
and  cylinders  taking  hold  of  each  eccentric,  one  pair  alone  might  be 
made  to  take  hold  of  the  pin  connecting  the  two  eccentrics  by  the 
slanting  slot  shown  in  Fig.  10,  Plate  61.  It  seemed  to  him  that  it 
could  be  done  in  that  way,  with  the  great  advantage  that  there  would 
be  only  one  pair  of  rams  and  cylinders  instead  of  two.  Moreover  in 
that  way  the  leathers  or  other  packing  could  be  got  at  for  tightening 
or  renewing,  without  taking  the  eccentrics  to  pieces.  It  was  highly 
objectionable  he  considered  to  have  to  take  eccentrics  to  pieces  after 
they  had  once  been   fitted  together  ;   they  might  be  got  right   in 
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putting  them  together  again,  or  more  i^robably  they  might  be  a 
little  wrong,  so  that  they  would  heat  when  set  to  work  again.  lu 
most  inside-cylinder  locomotives  there  was  room  for  four  eccentrics 
in  the  middle  of  the  axle  between  the  two  crank-throws.  If  therefore 
only  two  eccentrics  were  used,  it  would  be  quite  possible  he  thought 
for  the  one  pair  of  rams  and  cylinders  to  be  put  in  between  the  two 
eccentrics.  He  asked  what  kind  of  jjacking  was  employed  at  either 
end  of  the  axle :  whether  it  was  an  ordinary  stuffing-box  packing  set 
up  by  a  screw,  in  which  case  he  feared  it  would  wear  and  get  leaky ; 
or  whether  it  was  a  leather,  of  some  shape  which  would  keep  itself 
tight.  In  the  ai^plication  to  marine  engines  it  seemed  to  him  that  in 
this  particular  there  would  be  much  more  difficulty  in  arranging  the 
gear  than  for  a  locomotive,  because  the  larger  stuffing-box  suitable  for 
the  size  of  the  screw-shaft  was  more  difficult  to  keep  tight  than  the 
smaller  stuffing-box  just  large  enough  for  the  pressure  pipe  in  a 
locomotive. 

Mr.  Frederick  Edwards  thought  that  in  the  ai)j)lication  of  the 
fluid-pressure  reversing  gear  to  marine  engines  it  would  be 
objectionable  not  to  have  the  means  of  indej)endent  adjustment  for 
the  several  cylinders.  In  most  of  his  own  engines  the  valve  gear 
could  be  adjusted  separately  for  each  cylinder^  which  he  thought  was 
very  necessary.  In  the  new  gear  he  did  not  understand  how  it  would 
be  possible  to  modify  the  working  of  the  engine  by  shifting  one 
eccentric  alone  without  the  others.  Then  again  the  locomotive 
crank-axles  were  all  solid,  whereas  all  the  marine  crank-shafts  that 
he  used  were  built  up.  If  these  were  to  be  bored  for  making  all 
the  oil  passages  shown  in  the  drawings  of  the  locomotive  axle, 
he  feared  there  would  be  a  good  deal  of  leakage  of  oil  through 
the  numerous  joints  of  a  built-uj)  shaft  during  the  working  of  the 
engine.  In  this  matter  he  had  had  rather  a  curious  experience  with 
one  shaft.  Many  marine  engineers  believed,  as  he  himself  had  done 
years  ago,  that,  if  by  applying  the  turning  gear  the  oil  could  be 
wrung  out  of  any  joint  or  flaw  in  the  shaft,  it  stood  to  reason  that 
the  shaft  was  not  sound.  A  question  having  arisen  about  tlie 
soundness  of  a  shaft  in  an  old  steamer,  he  had  tested  it  with  the 
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turning  gear,  and  liad  found  he  could  wring  the  oil  out  of  so  many 
of  the  joints,   that  he   decided   to   try  a    comparatively  new   shaft. 
Having  a  new  steamer  handy,  which  had  been  only  one  voyage,  he 
tried  the  shaft  in  it,  and  found  that  the  oil  could  in  some  parts  be 
wrung  out ;    it  was  true   that  not  much   came   out,  but  there  was 
enough  to  prove  this  could  be  done  with  a  shaft  which,  so  far  as  it 
was  possible  to  tell,  was  perfectly  sound  and  good.     The  stress  put 
on  the  shaft  with  the  turning  gear  during  this  test  would  be  far  less 
than  the  ordinary  working  load.     When  he  first  found  oil  could  be 
wrung  out  of  the  comparatively  new  shaft,  he  thought  it  might  give 
trouble  ;   but  in  fact  it  never  gave  any  trouble  at   all.      In  view 
however  of  the  possibility  of  thus  wringing  oil  out  of  the  present 
crank-shafts  of  marine  engines,  it  seemed  to  him  that,  if  all  the  oil 
passages  shown  in  the  drawings  came   to   be  drilled  in  a  built-up 
shaft,  there  would  be  leakage  of   oil,  and  consequent   trouble.     In 
regard  also  to  taking  up  the  wear  of  the  eccentric,  he  certainly  was 
afraid  that  would  be  a  trouble,  which  he  should  not  at  all  like  to 
encounter.     Any  trouble  of  that  sort  in  a  steamer  abroad  on  a  long 
voyage  would  be  very  objectionable.    Moreover  he  did  not  understand 
exactly  how  the  fluid  pressure  was  made  to  act  uj)on  the  eccentric 
of  the  middle  cylinder ;  the  first  and  third  eccentrics  being  on  the 
ends  of  the  crank-shaft  corresponded  witli  the  two  eccentrics  shown 
on  the  locomotive  axle,  and  would  receive  the  pressure  in  the  same 
way  as  in  the  locomotive.     But  how  was  the  pressure  to  be  conveyed 
to  and   from  the  middle  eccentric  on  the  crank-shaft  of  a  marine 
engine,  when  the  oil  on  each  side  of  it,  that  is  between  itself  and  the 
other  eccentrics,  had  leaked  out  ? 

Mr.  Sidney  Stone  understood  from  the  description  given  in  the 
paper  that  the  driving  of  the  eccentrics  was  done  by  the  square  block 
on  the  axle.  That  being  so,  and  suj^posing  the  length  of  each  side 
of  the  square  was  8  inches,  the  area  of  driving  surface  on  each  side 
of  the  axle  would  be  not  more  than  4  inches,  or  together  8  inches, 
multiplied  by  the  thickness  or  breadth  of  the  eccentric  where  it  bore 
af^ainst  the  block.  On  the  Brighton  engines  the  late  Mr.  Stroudley 
had  introduced  an  eccentric  which  had  across  its  outer  face  a  pair 
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of  projecting  lips  fitting  on  tlie  web  of  the  crank,  and  extending 
along  it  for  about  five  inches  length,  as  far  as  the  radius  of  the 
eccentric  itself  would  admit.  The  same  plan  had  also  been  used 
largely  on  the  Great  Eastern  engines,  but  had  now  for  some  time 
been  discontinued,  because  it  was  found  that  before  the  engines  had 
been  running  long  there  was  a  considerable  amount  of  play  between 
the  web  and  the  lij)s.  It  occurred  to  him  therefore  that,  if  there  was 
so  much  play  with  eccentrics  fixed  on  in  that  way  with  the  lip 
bearing  on  the  crank  web,  and  screwed  up  tightly  one  to  the  other 
with  square-headed  bolts  and  the  holes  filled  in  with  white  metal, 
some  little  trouble  would  probably  be  experienced  in  the  same 
direction  with  the  fluid-pressure  gear,  in  which  the  eccentric  did 
not  fit  tightly  but  must  be  sufficiently  free  to  slide  for  reversing. 
To  make  up  for  the  oil  passage  drilled  along  the  crank  web,  he 
supposed  the  web  would  be  strengthened  up  with  more  metal  in  it ; 
because  the  general  experience  he  believed  was  that  the  webs  of 
locomotive  cranks  gave  the  most  trouble.  In  the  case  of  an  axle 
having  the  square  block  forged  solid  upon  it  in  the  first  instance, 
he  asked  how  the  author  managed  with  regard  to  the  passages  I 
and  J  in  the  corners  of  the  square  block  shown  in  Figs.  11  and  12, 
Plate  61. 

Mr.  Charles  E.  Cowper  mentioned  that  asbestos  was  successfully 
used  for  the  packing  of  steam  cocks,  such  as  blow-oif  cocks  for 
boilers,  which  were  of  course  subjected  to  the  heat  of  the  water  in 
the  boilers.  Asbestos  was  also  extensively  used  dry  as  packing  for 
spindles  of  large  valves  employed  for  controlling  blast  heated  to  the 
temperature  of  red-hot  iron. 

Mr.  G.  S.  Young  asked  how  much  the  diameter  of  the  eccentric 
was  increased  for  the  application  of  the  fluid-pressure  gear. 
It  appeared  to  him  that  in  quick-running  engines  especially, 
in  order  to  reduce  the  friction,  the  smaller  the  eccentric  could 
be  kept,  the  better  gear  it  made.  With  the  shifting  eccentric 
now  described  it  seemed  to  him  that  the  diameter  was  materially 
increased. 

u  2 
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j\Ir.  Basil  H.  Joy  mentioned  that  in  the  first  form  of  the  gear 
there  were  no  rams  in  the  eccentric,  and  the  oil  acted  direct  on  the 
square  block,  the  eccentric  being  enclosed  between  discs,  whereby 
the  slot  in  the  eccentric  was  made  to  perform  the  functirm  of  the 
cylinder,  and  the  block  that  of  the  ram.  There  was  consequently 
a  large  circular  surface  to  be  kept  oil-tight  over  the  face  of 
each  disc ;  and  though  it  was  made  pretty  nearly  tight,  it  was 
not  quite  satisfactory.  Now  however  in  the  present  form  shown 
in  the  drawings  it  was  all  right.  As  to  the  packing  remaining  tight 
for  a  length  of  time,  he  had  recently  visited  the  Tower  Bridge  works, 
where  the  rams  of  the  hydraulic  lifts,  packed  with  ordinary  hemp 
packing,  were  working  at  800  lbs.  pressure  per  square  inch,  and  they 
were  perfectly  water-tight ;  the  rams  were  quite  dry  as  they 
came  out  of  the  packing.  In  the  eccentrics  it  must  be  borne  in  mind 
that  the  rams  were  not  continuously  working,  as  in  a  hydraulic  engine 
or  a  lift ;  but  the  eccentric  was  moved  over  only  when  the  engine  was 
reversed  or  linked  up.  The  motion  was  only  through  a  certain  short 
distance  of  three  or  four  inches,  and  it  was  not  continuous. 

The  even  lead  in  all  grades  of  expansion  was  a  marked  feature  of 
the  gear.  In  running  both  with  expresses  and  with  slow  trains,  the 
beat  of  the  engine  was  perfectly  regular,  thereby  showing  how  much 
better  the  single-eccentric  gear  was  than  the  link,  with  which  the 
beat  so  often  seemed  to  follow  a  sort  of  three-legged  rhythm. 

In  the  reversing  cylinder  on  the  footplate,  shown  in  Fig.  13, 
Plate  62,  there  was  a  margin  of  50  per  cent,  more  oil  than  was 
contained  in  the  whole  of  the  pipes,  passages,  and  rams  :  so  that  a 
large  amount  would  have  to  leak  out  before  anything  detrimental 
could  happen. 

The  asbestos  packings  which  had  been  exposed  experimentally 
both  to  water  and  to  heat  had  all  proved  perfectly  tight  both  before 
and  after  exposure  to  heat,  when  tried  by  means  of  the  small  testing 
machine  shown ;  the  packings  themselves  were  also  exhibited  for 
examination  of  their  condition  after  having  been  so  tested.  The 
simple  form  of  packing  suggested  by  Mr.  Billinton,  consisting  of  a 
brass  ring  of  U  section,  Fig.  9,  Plate  60,  was  made  with  a  very 
fine  edge,  which  pressed  against  the  ram,  and  was   held   up   tight 
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against  it  by  tlie  fluid  pressure.  It  could  be  made  absolutely  tight ; 
but  it  was  so  delicate  that,  as  soon  as  it  was  taken  out  for  repair, 
the  fine  edge,  which  had  to  be  practically  like  a  razor,  was  difficult 
to  preserve ;  and  of  course  as  soon  as  ever  there  was  a  little  burr  on 
the  edge  the  whole  efficiency  of  the  ring  was  done  away  with. 

In  regard  to  independent  adjustment  of  the  reversing  gear  for 
the  several  cylinders  of  a  marine  engine  (page  265),  the  drawing 
shown  in  Plate  63  had  been  copied  from  a  published  drawing  of 
an  existing  engine  built  for  the  government,  fitted  with  the  usual 
link  reversing  gear,  and  devoid  of  any  independent  adjustment  for 
the  different  cylinders.  The  omission  therefore  of  independent 
adjustment  had  nothing  to  do  with  the  fluid-pressure  reversing  gear ; 
but  its  introduction  in  both  cases  would  tell,  as  far  as  simplicity 
was  concerned,  very  much  in  favour  of  the  fluid-pressure  gear. 

Mr.  Joy  explained  that  in  locomotives  having  outside  cylinders 
or  couj)ling  rods  (page  260)  the  fluid  j)ressure  was  got  into  the 
driving  axle  by  adding  an  outside  overhanging  crank  or  fly-crank,  as 
was  so  commonly  done  in  fast-running  agricultural  engines  for 
the  purpose  of  lubricating ;  then  the  fluid  was  got  into  the  axle 
through  the  fly-crank  just  in  the  same  way  that  it  was  led  through 
the  main  cranks  shown  in  the  drawings. 

In  order  to  prevent  leakage  between  the  axle  and  the  square 
block  bolted  upon  it  (page  261),  a  leather  packing  ring  was  placed 
round  the  orifice  of  each  of  the  two  holes  in  the  axle  through  which 
the  fluid  passed  into  the  block.  Then  when  the  block  was  placed 
on  the  axle  and  bolted  up  tight,  the  leather  packings  made  a  joint 
that  would  carry  any  pressure  desired  ;  and  at  these  joints  there  had 
never  been  the  slightest  trouble  with  the  engine.  It  had  been 
running  now  more  than  twelve  months,  and  had  done  all  manner  of 
work,  from  the  fastest  expresses  to  trains  stoj^piug  every  two  miles, 
and  shunting.  Again,  supposing  a  joint  did  leak,  it  was  only  water 
or  oil  that  leaked  ;  and  the  leakage  could  be  made  up  to  any  extent 
from  the  reversing  cylinder,  which,  small  as  it  was,  contained 
enough  fluid  to  enable  the  engine  to  continue  running  through  a  long 
journey,  leaking  all  the  time,  yet  still  with  margin  enough  to  go  on. 
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Even  if  the  margiu  were  exliausted,  as  had  once  been  the  case  with 
a  bad  leather,  with  which  the  engine  had  been  allowed  to  go  on  for 
the  sake  of  seeing  what  the  result  would  be,  the  reversing  cylinder 
could  be  replenished  by  pouring  in  water  while  the  engine  was 
running,  just  as  the  steam  cylinders  could  be  lubricated  when  the 
engine  was  running  downhill.  The  reversing  cylinder  sucked  in  the 
oil  or  water,  and  the  engine  continued  running  just  as  if  there  had 
been  no  leakage.  Although  there  was  only  one  reversing  cylinder 
for  shifting  the  two  eccentrics  (page  261),  yet  through  the  pipes 
from  each  end  of  the  cylinder  and  through  the  jiassages  in  the  axle 
the  reversing  handwheel  acted  alike  on  both  eccentrics ;  and 
meanwhile  also  they  were  coujDled  together  by  the  inclined  slot  and 
block,  which  kept  them  in  their  correct  positions  relatively  to  each 
other.  One  eccentric  could  not  move  the  other  ;  but  the  two  went 
together,  and  were  held  at  the  same  point  of  cut-off  by  means  of  the 
inclined  slot.  The  result  was  that  the  beat  of  the  engine  was  so 
j)erfectly  regular  that  the  revolutions  could  not  be  counted  by  the 
beat  at  all. 

If  while  there  was  a  bad  leakage  from  the  reversing  gear  the 
engine  were  stopped  at  a  station  (page  262),  it  would  start  and  go  on 
again  in  the  same  direction  without  any  trouble,  because  the  position  of 
the  gear  was  not  altered  in  stojiping,  and  wherever  the  eccentrics  were 
when  it  stopped,  they  were  left  in  the  right  position  ready  to  go  on 
again  in  the  same  direction.  Supposing  however  it  were  wanted  to 
reverse  for  shunting,  or  in  order  to  take  a  vehicle  on  or  off,  then  if 
the  fluid  had  all  leaked  away  the  engine  could  be  backed  by  pinching 
the  driving  wheels  round  through  a  quarter  of  a  turn  back, 
which  was  enough  to  slip  the  eccentrics  back.  But  if  an  equally 
serious  accident  happened  with  the  link  gear,  the  engine  could 
neither  go  back  nor  forward,  but  would  have  to  be  taken  off  the 
train  and  another  engine  supplied.  With  the  fluid  gear  however  it 
could  still  go  either  backwards  or  forwards.  If  the  engine  was 
attached  to  too  heavy  a  train  for  pinching  back  through  a  quarter  of 
a  turn,  it  was  only  necessary  to  detach  it  and  run  a  turn  forward, 
and  then  pinch  back  a  turn  ;  the  eccentrics  would  then  be  in  the 
right  position  for  backing. 
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The  actual  area  of  driviug  surface  (page  26G)  for  the  eccentric 
of  6^  inches  breadth  on  a  locomotive  crank-axle  with  block  8  or 
9  inches  square  was  altogether  from  52  to  58  square  inches.  "Where 
the  block  was  forged  solid  upon  the  axle,  the  oil  passages  in  the 
corners  of  the  block  would  be  drilled  through  the  corners  of  the 
crank  webs.  Fracture  never  took  place  in  the  web  in  the 
neighbourhood  where  the  oil  passage  was  drilled,  because  the  hole 
was  in  the  middle  of  the  substance  of  the  web,  where  it  was  under 
no  strain. 

Owing  to  Mr.  Davey's  long  experience  in  the  working  of 
hydraulic  machinery,  his  information  with  regard  to  the  use  of 
distilled  water  was  of  much  value,  and  he  would  try  it  for  the  fluid- 
reversing  gear.  If  also  he  should  come  ultimately  to  metallic 
packing  for  the  rams  in  the  eccentrics,  he  should  himself  like  it, 
because  nothing  he  believed  was  so  simple  and  so  scientific  as  the 
brass  packing  ring  designed  by  Mr.  Billinton,  Fig.  9,  Plate  GO. 
With  regard  to  the  asbestos  packing  not  standing  water  (page  262), 
in  the  experiment  he  had  made  it  had  stood  half  an  hour  with 
water,  and  with  a  red-hot  plate  of  iron  under  it ;  and  in  blow-oii' 
cocks,  in  which  it  was  largely  used  to  form  the  lining  of  the  body 
of  the  cock,  it  was  constantly  subject  to  the  pressure  and  temperature 
of  the  water  in  the  boiler,  and  there  it  stood  perfectly.  Of  course  an 
engine  would  stop  long  enough  before  its  driving  axle  got  red-hot ; 
and  therefore,  in  trying  the  experiment  with  a  red-hot  plate  of  iron 
under  the  water  press  in  which  the  packing  was  tested,  he  had  done 
so  only  with  the  view  of  going  to  the  utmost  limit  of  the  objection 
which  had  been  urged  against  the  fluid  gear. 

To  prevent  freezing  (page  2G3),  a  fluid  could  be  used  which  would 
not  freeze  down  to  6°  Fahr. ;  and  he  thought  the  temperature  did 
not  often  fall  so  low  in  England.  Even  if  it  did,  the  engine  would 
of  course  become  warmed  up  sufficiently  in  getting  up  steam  for 
starting. 

As  to  any  fear  that  the  packings  would  always  be  leaking  and 
the  eccentrics  consequently  always  falling  into  full  gear  (page  26-4), 
even  if  there  was  a  leaky  leather  on  the  engine  he  believed  it  would 
not  be  detected  by  the  driver  while  on  the  footplate ;  because  even 
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with  a  burst  leather  the  leakage  was  so  slow  that  the  effect  on  the 
engine  was  extremely  slight  over  a  long  journey ;  if  the  eccentrics 
did  fall  back  at  all  from  the  position  into  which  they  were  moved  by 
the  reversing  cylinder,  the  change  was  so  slight  that  it  could  not  be 
noticed  in  the  working  of  the  engine.  So  far  from  the  driver 
wanting  anything  like  an  index  to  show  him  the  position  of  the 
eccentrics,  all  his  own  experience  of  locomotives — and  in  former 
years  he  had  himself  driven  tens  of  thousands  of  miles,  and  had  had 
to  teach  his  drivers  to  drive — was  that  the  drivers  did  not  go  nearly 
so  much  by  the  position  of  the  reversing  lever  and  regulator  as  by 
hearing  and  feeling  what  the  engine  was  doing.  The  driver  had  his 
finger  upon  the  handwheel  of  the  reversing  gear,  and  when  he  came 
to  an  uj)  or  down  gradient  he  just  gave  the  engine  a  little  more  or 
less  steam,  and  never  looked  at  the  index  at  all,  even  if  he  had  an 
index  to  go  by.  Meanwhile  either  at  the  end  of  the  journey  or  at 
a  station  on  the  road  he  could  at  any  time  bring  up  the  two 
eccentrics  to  their  proper  position,  by  replenishing  the  reversing 
cylinder  while  the  engine  was  still  running.  The  leakage  did  not 
really  matter  at  all. 

As  had  already  been  explained  by  his  son  (page  269),  the  drawing 
shown  of  a  marine  engine  fitted  with  the  usual  link  reversing 
gear,  Plate  63,  was  simply  a  copy  of  the  "  Apollo "  type  of 
marine  engines,  some  of  which  were  fitted  with  adjusting  gear  so  as 
to  cut  off  in  the  various  cylinders  at  various  points,  and  some  were 
not.  At  the  present  time  the  government  were  building  them  with 
that  adjustment,  while  other  builders  seemed  to  follow  no  rule,  but 
to  depend  upon  specifications,  which  mostly  required  it.  In  the 
application  of  the  fluid-pressure  gear  it  could  be  arranged  so  as  to 
cut  off  in  any  cylinder  at  any  desired  point.  Thus  it  could  be  set 
to  cut  off  in  the  high-pressure  cylinder  at  60  per  cent.,  in  the 
intermediate  at  65  per  cent.,  and  in  the  low-pressure  at  70  per  cent, 
of  the  struke,  or  in  any  other  proportions,  simply  by  adjusting  the 
quantity  of  the  fluid  in  either  ram  of  each  eccentric.  Then  the 
instant  the  order  was  given  for  full  speed  ahead  or  astern,  there  was 
nothing  to  do  but  to  throw  over  the  reversing  lever  into  full  gear, 
and  all  the  three  eccentrics  went  at  once  into  full  gear  ahead  or  into 
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full  gear  astern.  Witli  the  link  motion  on  tte  contrary  tlie  position 
of  the  links  had  to  be  adjusted  separately  for  each  cylinder  by  means 
of  a  hand-screw  acting  upon  a  sliding  block :  so  that,  when  it  was 
required  suddenly  to  go  into  full  gear  astern  or  full  gear  ahead, 
although  the  former  position  might  be  assumed  at  once,  the  latter 
could  not  be  got  without  a  re-adjustment  of  all  three  of  the  hand- 
screws.  It  was  not  so  with  the  fluid-pressure  gear;  the  three 
eccentrics  all  went  at  once  into  full  gear  with  one  movement  of 
the  reversing  lever  ;  and  all  came  back  to  full  gear  in  the  reverse 
position  by  the  reverse  movement  of  the  lever. 

The  middle  eccentric  on  the  crank-shaft  of  a  marine  engine 
(page  266)  was  worked  consecutively  from  either  end  of  the  shaft 
according  to  the  direction  of  the  fluid  pressure,  which  acted  first  on 
the  eccentric  nearest  to  the  end  of  the  shaft  at  which  the  pressure 
was  entering  ;  thence  it  i)assed  on  to  the  middle  eccentric,  and  thence 
again  to  the  furthest  eccentric  at  the  exhaust  end  of  the  shaft, 
and  so  back  to  the  reversing  cylinder.  Practically  indeed,  though 
here  described  as  if  consecutive,  the  movements  of  all  three  eccentrics 
were  simultaneous,  owing  to  the  instantaneous  transmission  of  the 
fluid  pressure  in  either  direction  in  consequence  of  the  oil  or  water 
being  incomjiressible. 

Mr.  Frederick  Edwards  asked  how  then  was  the  cut-off 
regulated  for  difterent  points  of  the  stroke  in  the  three  cylinders 
independently. 

Mr.  Joy  said  it  was  done  by  means  of  the  arrangement  shown 
in  Figs.  20  to  23,  Plates  65  and  6G,  which  represented  one  of  the 
eccentrics  for  engines  of  the  "  New  York  "  type,  like  those  illustrated 
in  Plate  64.  The  imlepeudent  adjustment  was  obtained  of  each  sei)arate 
eccentric,  together  with  the  means  of  securing  full  gear  either  way 
for  all  three  eccentrics  at  once  on  reversing.  Starting  with  all 
three  eccentrics  in  full  gear,  the  adjustment  of  each  separately  and 
independently  was  effected  by  producing  a  difference  between  the 
amounts  of  fluid  in  the  two  small  cylinders  on  oi)posite  sides  of  the 
shaft,  thereby  imshing  the  eccentric  over  towards  mid-gear   to  the 
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(Mr.  Joy.) 

extent  necessary  for  tlie  grade  of  expansion  desired.     This  operation 
was  effected  in  any  one  of  the  eccentrics  witliout  disturbing  either 
of  the  others,  by  means  of  a  small  ram-pump  P,  formed  in  the  flange 
of  the  eccentric  itself,  with  a  small  drilled  passage  I  I  leading  from 
the  "  ahead  "  cylinder  H  on  one  side  of  the  shaft  to  the  pump,  and 
a  similar  passage  J  J  from  the  pump  to  the  "  astern  "  cylinder  S  on 
the    other   side  ;    the   latter   passage   was   fitted  with  a  non-return 
delivery  valve.    The  ram  of  the  pump  was  actuated  by  the  movement 
of  the  eccentric  itself,  and  was  always  pressed  outwards  by  a  spring 
at   its  base,  so   that   its   head  was  kept  bearing  against  the  inner 
surface  of  the  ring  E  carried  on  the  eccentric  clasp.     In  its  normal 
jiosition,  when  the  pump  was  at  rest,  the  ring  was  concentric  with 
the  eccentric  ;  but  on  setting  it  out  of  centre  by  half  a  turn  of  the 
small  hand-wheel  W,  a  relative  movement  was  set  up  between  the 
eccentric  and  the  ring,  and  the  pump  was  set  in  action,  drawing 
fluid  out  of  the  cylinder  H  and  passing  it  into  the  cylinder  S,  thereby 
to  any  desired  extent  varying  the  position  of  the  eccentric  towards 
mid-gear,  and  so  altering  the  point  of  cut-ofi".     Supposing  all  three 
eccentrics  to  have  been  thus  brought  into  difierent  relative  positions 
for   different   points   of  cut-off,  then    at   any  time   on  passing    the 
reversing  fluid  in  the  direction  for  full  gear  ahead  it  at  once  moved 
all  three  eccentrics  in  that  direction  ;  and  if,  owing  to  its  previously 
altered  position,  the  "  ahead "  cylinder  H  in  any  one  eccentric  did 
not   contain   sufficient   fluid    to   pass   on    for    completing   the   full 
movement  of  the  next  eccentric,  then  on  arriving  at  the  end  of  its 
stroke    the    ram    in   the    cylinder    H    uncovered  a   small    drilled 
port   and   passage   Y,  through    which    the    fluid   was  free    to   pass 
on  to  the  next  eccentric ;  and  so  on,  for  completing  the  movement 
of  all    three.      On    the   instant   of  reversal    for   full    gear    astern, 
the  small    port   Y   was    closed  by  the    movement   of  the    ram    H. 
Thus  without  valves  or  any  machinery  liable  to  derangement,  the 
position   of  full  reversal   in   either   dii-ection  was  secured  to  each 
eccentric,  whatever  their  former  relative  positions  might  have  been. 
The  effect  of  full  reversal  in  either  direction  was  at  once  to  obliterate 
the  different  grades  of  expansion  to  which  the  several  eccentrics  had 
previously  been  pumped  ;   and  when  again  going  ahead,  these  grades 
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could  quickly  be  restored  by  setting  the  three  small  pumps  to  work 
during  a  few  revolutions.  All  the  small  channels  or  passages  were 
arranged  so  as  to  be  easily  cleaned  by  a  wire  at  any  time. 

There  was  no  difficulty  with  the  larger  stuffing-box  at  the  after 
end  of  the  crank-shaft  in  a  marine  engine  (page  265),  because  it  had 
to  do  duty  only  during  the  few  seconds  occupied  in  throwing  the 
engine  over  from  backward  to  forward  gear,  and  had  no  sustained 
work  upon  it.  The  pressure  was  applied  at  the  forward  end  of  the 
shaft  to  lift  the  eccentrics  from  full  forward  gear  to  any  desired 
point  of  cut-oflf ;  and  at  this  end  the  pipe  was  small,  and  might  if 
required  be  double  or  treble  packed,  having  successive  cup-leathers 
one  after  another. 

The  eccentrics  were  a  little  larger  in  diameter  (page  2G7)  than 
for  the  link  motion,  but  not  much  ;  but  they  were  made  much 
thicker  or  wider.  Instead  of  only  1^  to  2  inches  width,  the 
eccentrics  were  now  made  3  or  3^  inches  wide,  by  which  means  the 
frictional  load  per  square  inch  was  so  largely  reduced  on  the  wearing 
surfaces  that  in  the  course  of  twelve  months'  running  of  the 
locomotive  no  heating  whatever  had  occurred,  nor  any  appreciable 
wear. 

Mr.  Jeremiah  Head,  Past-President,  asked  whether  the  boiler 
had  to  be  lifted  up  higher  in  the  locomotive,  to  admit  of  the  larger 
eccentrics  working  beneath  it. 

Mr.  Joy  rei)lied  that  the  increase  in  diameter  Avas  not  so  great  as 
to  necessitate  raising  the  boiler,  because  no  new  part  was  so  high  as 
the  crank  and  connecting-rod  end.  But  even  if  this  had  been 
requisite,  he  should  not  object  to  the  boiler  being  raised  as  much 
as  was  needed ;  for  from  long  experience  of  engines  with  high 
boilers  he  knew  that,  within  reasonable  limits,  the  higher  the  pitch 
of  the  boiler  in  a  locomotive,  the  more  easily  would  the  engine  run. 

The  President  was  sure  the  members  would  desire  to  present  a 
cordial  vote  of  thanks  to  Mr.  Joy  for  his  paper. 


27G  April  1894. 


MEMOIRS. 

William  Coulsox  was  born  at  Wliickham  in  the  county  of 
Durham  ou  14th  April  181G.  He  became  a  mining  engineer,  and 
was  connected  with  the  winning  of  the  following  collieries  : — Seaham, 
Silksworth,  Heaton,  Adelaide,  Bowburn,  Coxhoe,  Crow  Trees, 
Evenwood,  Grange,  Haswell,  Thornley,  Sherburn,  Sherburn  Hill, 
Castle  Eden,  Seaton,  Waldridge,  and  others.  He  had  engineering 
works  at  Durham,  from  which  were  originated  the  Grange  Iron 
Works.  Besides  carrying  out  sinkings  in  nearly  all  the  English 
coalfields,  he  spent  some  time  in  Portugal  exploring  for  coal,  and 
also  oj)ened  out  a  considerable  number  of  collieries  in  Germany. 
His  death  took  place  at  his  residence  at  Carlton  Miniott,  near  TLirsk, 
on  24th  January  1894,  in  his  seventy-eighth  year.  He  became  a 
Member  of  this  Institution  in  1868. 

George  Low  was  born  at  Merrion  Castle,  near  Dublin,  on 
22nd  April  1833.  After  being  educated  by  a  tutor  at  home,  he  was 
articled  to  his  father's  firm  of  bankers  and  stockbrokers  in  Dublin, 
his  father  being  chairman  of  the  Dublin  and  Kingstown  Railway. 
Having  shown  a  liking  for  engineering,  he  was  apprenticed  in  1854 
to  Messrs.  William  Fairbairn  and  Sons,  Manchester.  In  March 
1859  he  went  thence  to  manage  the  Canal  Iron  Works  at  Kendal  for 
Messrs.  Williamson  Brothers,  where  he  was  principally  engaged  on 
making  Professor  James  Thomson's  vortex  turbine.  Here  he 
brought  out  an  engine  with  link  motion,  which  the  firm  continued  to 
manufacture  for  many  years  after  he  left.  He  next  took  the  Mill- 
gate  Iron  Works,  Newark,  where  he  designed  a  rock  borer  and  an 
air-compressor,  which  were  used  for  boring  the  Eoundwood  Tunnel 
of  the  Dublin  Corporation  water  works.  A  description  of  these 
machines  was  given  to  this  Institution  at  the  Dublin  Meeting 
in    1805    (Proceedings,   jiage    179).      The    air-compressor    was    of 


April  18'M.  MEMOIKS.  277 

peculiar  construction ;  its  jaiston  worked  in  a  Lcdy  of  water  filling 
the  intervening  space  between  the  piston  and  the  compressed  air. 
In  October  1865  he  went  to  Ipswich  to  take  the  management  of  the 
drawing  office  of  Messrs.  E.  E.  and  F.  Turner,  with  whom  he 
remained  about  ten  years,  being  chiejfly  engaged  on  designs  in 
connection  with  steam  engines,  water  wheels,  turbines,  and  millwork 
generally.  In  June  1876  ill-health  caused  him  to  retire  ;  and  he 
devoted  his  time  when  health  permitted  to  improving  gas  engines, 
governors,  turbines,  &c.,  and  to  the  design  of  a  slide-valve  indicator, 
cranes,  and  drawing  boards.  Having  been  in  indiflterent  health  for 
many  years,  he  died  at  his  residence  at  Ipswich  on  11th  July  1894, 
at  the  age  of  sixty-one.  He  became  a  Member  of  this  Institution 
in  1861. 

Thomas  Midelton  was  born  at  Taunton  in  1848.  He  early 
showed  an  inclination  for  mechanical  engineering,  and  after  a  short 
time  spent  in  a  lawyer's  office  he  served  his  apprenticeshiiJ  in  the 
workshops  of  the  Great  Western  Eailway  at  New  Swindon  for  five 
years  under  the  late  Sir  Daniel  Gooch  and  Mr.  William  F.  Gooch. 
He  then  went  to  London,  and  obtained  a  situation  on  the  Great 
Eastern  Eailway ;  but  soon  afterwards  he  was  offered  by  Mr.  William 
F.  Gooch  a  position  as  draughtsman  in  the  Vulcan  Foundry.  Here 
he  designed  many  locomotives  and  gained  wide  experience.  In  1873 
he  read  a  paper  on  "  Patent  Law  Eeform  "  before  the  London  Societ}- 
of  Foremen  Engineers  ;  and  the  principles  therein  expressed  have  since 
been  embodied  in  the  patent  laws.  In  1884  the  late  Sir  Alexander 
Stuart  consulted  him,  and  many  of  his  suggestions  were  incor  jwratcd 
in  the  patent  laws  of  New  South  Wales.  After  being  assistant 
foreman  of  the  Stratford  running  sheds  of  the  Great  Eastern  Eailway, 
and  then  chief  foreman,  he  became  chief  engineer  to  the  Vacuum 
Brake  Co.  He  was  offered  the  jjosition  of  engineer  and  locomotive 
superintendent  to  the  Isle  of  Man  Eailway,  but  iireferred  to  take  in 
1876  a  similar  appointment  on  the  Tasmanian  Main  Lino  Eailway. 
In  1879  he  went  to  New  South  Wales  as  a  draughtsman  in  the 
railway  department,  until  he  was  appointed  locomotive  overseer  in 
1882.     After  having  temporary  charge  of  the  locomotive  department 
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and  the  tramways  lie  vras  given  permanent  cliarge  of  tlie  latter  in 
1886.  In  1888  he  was  promoted  to  be  locomotive  engineer,  with 
entire  charge  of  the  locomotive  and  mechanical  engineering  branches 
of  both  the  railways  and  the  tramways  ;  and  this  position  he  held 
iintil  his  retirement  in  1889.  His  death  took  place  at  his  residence 
in  Sydney  on  31st  January  1894,  at  the  age  of  forty-six.  He 
became  a  jMember  of  this  Institution  in  188G. 

James  Eeid  was  born  at  Kilmaurs,  Ayrshire,  on  8th  Sej)tember 
1823,  and  such  education  as  he  got  was  received  at  the  village 
school.  At  the  outset  of  his  career  he  was  engaged  as  a  blacksmith's 
assistant.  Tlieu  he  went  to  Greenock,  where  he  was  employed  by 
Messrs.  Scott,  Sinclair  and  Co.,  and  afterwards  as  an  engineer  by 
jVIessrs.  Caird  and  Co.  Being  transferred  to  the  di'awing  office,  he 
rose  in  1850  to  the  position  of  chief  draughtsman.  In  1853  he  became 
manager  of  the  Hyde  Park  Locomotive  Works,  which  at  that  time 
were  situated  in  the  Anderston  district  of  Glasgow.  After  remaining 
there  some  years,  he  went  to  Manchester  as  manager  of  the  locomotive 
works  of  Messrs.  Sharp,  Stewart  and  Co.  In  1863  he  returned  to 
the  Hyde  Park  Locomotive  Works  as  managing  partner  in  the  firm 
of  Messrs.  Keilson  and  Co.,  in  succession  to  Mr.  Henry  Diibs,  who 
had  started  the  Glasgow  Locomotive  Works  at  Polmadie.  During  his 
stay  in  Manchester  the  Hyde  Park  Works  had  been  transferred  in 
1860  to  Springburn ;  and  under  his  direction  these  became  the  largest 
locomotive  establishment  in  private  hands  in  the  coimtry.  In  1863 
about  1,000  men  were  employed  here,  and  the  number  of  engines 
turned  out  was  78  annually ;  lately  the  number  of  men  employed 
had  increased  to  about  2,600,  and  the  outj)ut  to  over  200  locomotives 
a  year.  In  1878  he  became  by  purchase  the  sole  proprietor  of  the 
works ;  and  in  1893  took  into  partnershij)  his  four  sons.  In  1877 
he  became  a  member  of  the  Town  Council,  and  in  1893  was  elected 
Lord  Dean  of  Guild  by  the  Merchants'  House,  of  which  body  he 
had  long  been  a  member.  He  was  also  president  of  the  Fine  Art 
Institute,  president  of  the  Institution  of  Engineers  and  Shipbuilders 
in  Scotland,  a  member  of  the  Institution  of  Civil  Engineers,  and  a 
justice  of  the  peace  for  the  counties  of  Lanark  and  Perth.      His 
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deatli  occurred  suddenly  at  St.  Andrews  from  failure  of  the  lieart  on 
23rd  June  1894,  in  his  seventy-first  year.  He  became  a  Member  of 
this  Institution  in  1883. 

Charles  Willman,  son  of  Mr.  T.  L.  Willman  a  celebrated 
clarionet  player,  was  born  in  London  on  24th  April  1832.  He  was 
educated  at  King  Edward's  Grammar  School,  Birmingham,  and 
subsequently  at  a  military  and  naval  college  in  France ;  and  was 
then  articled  to  a  civil  and  mining  engineer  in  Staftordshire. 
Afterwards,  with  a  view  to  gaining  a  thorough  knowledge  of  the 
world,  he  entered  the  navy  as  an  ordinary  seaman,  and  served 
throughout  the  Crimean  war,  rising  to  the  position  of  a  first-class 
petty  officer,  and  receiving  three  medals.  He  subsequently  joined 
the  naval  brigade,  and  was  present  at  the  battle  of  the  Baltic,  and 
afterwards  went  to  the  Black  Sea.  He  also  served  in  the  12th 
Lancers.  After  the  war  he  was  engaged  in  the  construction  of  the 
Riga  and  Dunaberg  Eailway.  In  1864  he  went  to  Middlesbrough  in 
the  service  of  Mr.  E.  C.  May,  and  assisted  in  valuing  Messrs. 
Bolckow  and  Vaughan's  works.  He  next  became  erecting  engineer 
to  Messrs.  Hoj^kins,  Gilkes  and  Co.,  with  whom  he  stayed  five  years. 
He  was  also  concerned  in  the  construction  of  the  handsome  high-level 
bridge  at  Saltburn,  crossing  over  the  deep  glen  which  contains  the 
gardens.  In  18G8  he  withdrew  from  the  engineering  profession  and 
became  an  auctioneer,  in  partnership  with  Mr.  Thomas  T.  Douglas. 
For  eight  years  he  was  a  member  of  the  Town  Council  of 
Middlesbrough,  and  was  Mayor  during  1881,  when  the  town 
celebrated  its  jubilee.  Having  been  in  failing  health  for  some  time, 
he  died  at  his  residence  at  Coatham,  Eedcar,  on  9th  Ai)ril  1894,  in 
his  sixty-second  year.  He  became  a  Member  of  this  Institution  in 
1870  ;  and  was  also  an  Associate  Member  of  the  Institution  of  Civil 
Engineers,  a  Member  of  the  Iron  and  Steel  Institute,  and  of  the 
Institution  of  Cleveland  Engineers. 
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percentage  of  useful  work;  electric  railways,  183. — Difficulties  of  electric 
tramways,  184. — Electric  lighting,  18G. — Variations  of  output  during  a 
year,  a  week,  and  a  day,  187. — Varying  amount  of  light  reciuired,  188; 
variations  on  two  sides  of  circuit  with  three-wire  system,  189. — Maximum 
and  minimum  loads,  190. — Sizes  of  uuits,  191. — Reserve  of  machinery,  192. 
— Security  of  lighting,  193. — Breakdown  of  engines  or  dynamos,  194. — 
Duplication  of  steam-pipes,  196.  —  Reserve  in  boilers,  197.  —  Feed 
arrangements,  198. — Security  in  mains,  198. — Efficiency  of  regulation, 
199. — Steadiness  of  pressure,  199. — Regulation  by  field  resistance,  200 ; 
by  stop-valve,  201. — Economy  of  working,  202. — Causes  of  loss,  203. — 
Cost  of  oil,  water,  and  stores,  205. — Ratio  of  electrical  to  indicated  horse- 
power, 206. — Losses  in  leads  and  in  transformers,  207. — Ratio  of  actual 
load  to  full  load,  208. — Electrical  measurements  with  cuutinuous  and  with 
alternating  currents,  209. 

Bramwell,  Sir  F.,  Vote  of  thanks  to  President  for  Address,  210;  electric 
lighting,  210;  driving  of  tools  by  electricity,  211. — Anderson,  Dr.  W., 
Seconded  vote  of  thanks,  212.— Motion  carried,  212.— Kennedy,  A.  B.  W., 
Acknowledged  vote  of  thanks,  212. 

Almoxd,  M.,  elected  Associate  Member,  170. 

Ambler,  F.,  elected  Associate  Member,  170. 

Ambeose,  S.  p.,  elected  Graduate,  170. 
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Anderson,  E.  W.,  Paper  on  the  Grafton  High-Speed  Steam-Engine,  213. — 
Kemarks  on  ditto,  228,  246. 

Andeeson,  Dr.  W.,  Eemarks  on  Annual  Keport  of  Council,  22 : — on  By-laws, 
24,  25  : — on  retiring  from  ofBce  of  President,  27. — ^Eeply  to  vote  of  thanks, 
30. — Seconded  vote  of  thanks  to  President  for  Addi-ess,  212. 

Ajojtjal  General  Meeting,  Business,  1. 

Annual  Keport  of  Council,  3.    See  Council,  Annual  Keport. 

Auditor,  6. — Appointment,  23. 

Aylesbury,  T.  A.,  elected  Graduate,  170. 

Barber,  E.  W.,  elected  Graduate,  2. 

Baron,  F.  E.,  elected  Associate  Memher,  170. 

Battle,  A.  E.,  Memoir,  160. 

Beare,  T.  H.,  Kesearch  Committee  on  Marine-Engine  Trials,  Abstract  of  results 
of  Experiments  on  Sis  Steamers,  and  Conclusions  drawn]  therefrom  in 
regard  to  the  efficiency  of  Marine  Boilers  and  Engines,  33.  See  Marine- 
Engme  Trials.— Remarks  on  ditto,  71,  116,  123,  139:— on  High-Speed 
Engine,  240. 

Bentley,  G.,  elected  Member,  169. 

Bramwell,  Sir  F.,  Proposed  vote  of  thanks  to  President  for  Address,  210,  212. — 
Remarks  on  High-Speed  Engine,  230. 

Bbindley,  G.  S.,  elected  Member,  1. 

By-laws,  Anderson,  Dr.  "W.,  Moved  addition  respecting  compounding  for 
subscription,  24  ;  Adamson,  J.,  24  ;  Kennedy,  A.  B.  W.,  24  ;  Gray,  J.  M., 
25;  Motion  carried,  25. — Anderson,  Dr.  W.,  Moved  addition  respecting 
printing  of  Papers  in  Proceedings,  25 ;  Motion  earned,  25. 

Cappee,  D.  S.,  Kemarks  on  Marine-Engine  Trials,  118. 

Cater,  J.  M.,  elected  Graduate,  170. 

Cawley,  G.,  Remarks  on  Fluid-Pressure  Reversing  Gear,  261. 

Cochrane,  C,  Seconded  vote  of  thanks  to  retiring  President,  29. — Remarks  on 
Marine-Engine  Trials,  101. 

Condensation  of  Steam,  Surface,  140.    See  Surface  Condensation  of  Steam. 

CoTTRELL,  J.  0.,  elected  Member,  1. 

CouLSON,  W.,  Memoir,  276. 

Council,  Annual  Report,  3.— Number  of  Members,  3. — Transferences,  3. — 
Deceases,  &c.,  4. — Financial  statement,  6,  10-13. — Auditor;  Life 
membership,  6. — Research,  7. — Donations  to  Library,  7, 14-22. — Meetings 
and  Papers,  7. — Attendances,  8. — Summer  Meeting,  1893,  8. 

Discussion, — Anderson,  Dr.  W.,  Moved  adoption  of  Report ;  honours 
conferred  on  Members  in  past  year ;  investments  ;  back  Proceedings,  22 ; 
research,  23. — Motion  caiTied,  23. 

X 
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Council  for  1894,  26,  27. 

CowpEB,  C.  E.,  Kemarks  on  Marine-Engiue  Trials,  109  : — on  High-Speed  Engine, 

245 : — on  Fluid-Pressure  Eeversing  Gear,  267. 
CcMMiNS,  W.  E.,  Kemarks  on  Marine-Engine  Trials,  134. 

Daniel,  W.,  Remarks  on  High-Speed  Engine,  245. 

Darwood,  J.  W.,  elected  Graduate,  170. 

Davey,  H.,  Eemarks  on  High-Speed  Engine,  238  : — ou  Fluid-Pressure  Beversiug 

Gear,  261. 
Davis,  G.,  elected  Member,  169. 
DoBsoN,  B.  A.,  appointed  Member  of  Council,  26 
Donations  to  Library  in  1893,  7,  14-22. 
DoNKiN,  B.,  Eemarks  on  Marine-Engine  Trials,  108 : — on  High-Speed  Engine, 

240. 
DcNOLLY,  A.,  elected  Associate  Member,  170. 

Edwards,  F.,  Eemarks  on  Marine-Engine  Trials,  78,  112,  114,  116  : — on  Fluid- 
Pressure  Eeversing  Gear,  265,  273. 
Election,  Council,  26  : — Members,  1,  169. 
Electrical  Energy,  176.    See  Address  of  President. 
Electricity,  Applications.    See  Address  of  President. 
Electric  Lighting,  186.    See  Address  of  President. 
English,  Lt.-Colonel  T.,  Paper  on  the  Surface  Condensation  of  Steam,  140. 

Flijid-Pbessube  Eeversing  Gear,  Paper  on  a  Fluid-Pressure  Eeversing  Gear 
for  Locomotive  Engines,  by  D.  Joy,  252. — Single-eccentric  valve-gear, 
252. — Principle  of  fluid-pressure  reversing  gear ;  eccentric  shifted  across 
axle  by  pressure  of  fluid  from  reversing  cylinder  on  footplate  of  locomotive, 
253.  —  Details  of  construction;  eccentric,  and  fluid  passages,  254. — 
Coupling  of  two  eccentrics  at  right  angles,  255. — Eeversing  cylinder,  256. 
— Principles  and  advantages  of  plan,  256. 

Discussion.— Joj,  D.,  Packings ;  model  of  gear,  258 ;  fluid  used ; 
application  to  marine  engines ;  efiect  of  accidental  failure,  259.  — 
Eichards,  L.,  Variation  of  lead  with  throw  of  eccentric,  260. — Joy,  D., 
Even  lead  for  all  grades  of  expansion,  260. — Eiches,  T,  H.,  Application 
to  engines  with  outside  cylinders  and  coupling  rods,  260 ;  eflect  of 
leakage,  261. — Cawley,  G.,  Friction  of  eccentrics,  261. — Davey,  H.,  Shifting 
eccentric  for  marine  engines,  261;  leakage  of  pressure;  composition  of 
fluid ;  packing,  262 ;  expansion  of  fluid,  263. — Sampson,  J.  L.,  Freezing 
of  fluid,  263.— Schonheyder,  W.,  Simplicity  of  gear,  263  ;  position  of  gear ; 
shifting  of  three  eccentrics,  264  ;  packing  at  end  of  axle,  265. — Edwards,  F., 
Application  to  marine  engines,  265 ;  leakage  of  oil  from  built-up  shafts. 
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266. — Stone,  S.,  Driving  of  eccentrics,  266. — Cowper,  0.  E.,  Asbestos  for 
lacking,  267. — Young,  G.  S.,  Diameter  of  eccentric,  267. — Joy,  B.  H., 
First  form  of  fluid-pressure  gear ;  duration  of  packing ;  even  lead  in  all 
grades ;  asbestos  packing,  268 ;  adjustment  of  gear  for  marine  engines, 
269. — Joy,  D.,  Locomotives  with  outside  cylinders  or  coupling  rods; 
prevention  of  leakage,  269;  reversing  cylinder;  expedients  in  event  of 
breakdown,  270 ;  driving  of  eccentrics ;  distilled  water ;  metallic  and 
asbestos  packing ;  freezing  of  fluid,  271 ;  position  of  eccentrics ;  adjustment 
of  gear  in  marine  engines,  272 ;  shifting  of  third  eccentric,  273.— 
Edwards,  F.,  Kegulation  of  cut-off  in  three  cylinders,  273. — Joy,  D., 
Independent  adjustment  of  each  eccenti-ic,  273 ;  aft  stuiSug-box ;  size  of 
eccentrics,  275. — Head,  J.,  Height  of  locomotive  boiler,  275. — Joy,  D., 
Boiler  not  raised,  275. 
Fry,  H.  W.,  elected  Graduate,  170. 

GouLTY,  W.  R.,  Seconded  motion  for  re-appointment  of  Auditor,  23. 

Grafton  High-Speed  Steam  Engine,  213.    See  High-Speed  Engine. 

Graham,  M.,  elected  Associate  Member,  2. 

Gray,  J.  M.,  Remarks  on  By-laws,  25 : — on  Marine-Engine  Trials,  110. 

Gregory,  H.  M.,  elected  Member,  169. 

Guilford,  F.  L.,  Memoir,  160. 

Hadengue,  C.  B.,  elected  Associate  Member,  170. 

Haigh,  N.  N.,  elected  Member,  1. 

Halpin,  D.,  Eemarks  on  Marine-Engine  Trials,  103,  138: — on  High-Si)ecd 
Engine,  233. 

Halsey,  0.  T.,  elected  Graduate,  2. 

Hamilton,  R.,  elected  Member,  169. 

Harding,  J.  C,  elected  Member,  169. 

Harris,  J.  H.,  Memoir,  160. 

Harrison,  W.  J.,  elected  Member,  1. 

Hates,  J.,  elected  Associate,  170. 

Head,  A.  P.,  Eemarks  on  High-Speed  Engine,  241. 

Head,  J.,  Vote  of  Thanks  to  retiring  President,  28. — Remarks  on  Marine- 
Engine  Trials,  92  : — on  High-Speed  Engine,  242  :— on  Fluid-Pressure 
Reversing  Gear,  275. 

Hick,  J.,  Memoir,  161. 

High-Speed  Engine,  Paper  on  the  Grafton  High-Speed  Stcam-Enginc,  by 
E.  W.  Anderson,  213. — General  construction;  single-acting  single- 
cylinder  engine,  213. — Cylinder  ;  pistons,  214. — Principle  of  design,  214. 
— Efi"ective  length  of  stroke,  216. — Steam  distribution,  valve-motion 
diagrams,    217.  —  Details    of   construction,  222.  —  Economy    of   steam 
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consumption,  223. — High-speed  of  revolution,  low  speed  of  jjistons,  224. — 
Balancing,  225.  —  Clearance,  and  compression,  225.  —  Wear,  225.  — 
Indicator,  226. — Condensing,  227. 

Discussion. — Anderson,  E.  W.,  Exhibited  pistons;  Perry  reflecting 
indicator,  228. — Bramwell,  Sir  F.,  Indicator  diagrams ;  short  stroke  and 
high  speed,  230;  cylindrical  slide-valve,  231.  —  Wicksteed,  J.  H., 
Mechanical  efficiency,  232. — Halpin,  D.,  Initial  condensation,  233 ; 
indicator  diagrams  at  high  speeds,  234. — Eichards,  L.,  Brake  horse- 
power; temperature  of  lubricant,  234. — Eigg,  A.,  Compression  of  exhaust 
steam ;  weight  of  pistons,  235 ;  slide-valve ;  clearance,  236 ;  balancing  of 
moving  parts,  237. — Davey,  H.,  Clearance  and  compression,  238 ;  weight 
of  pistons  and  construction  of  packing,  239. — Beare,  T.  H.,  Brake  horse- 
power and  indicator  diagrams,  240. — Donkin,  B.,  Dryness  of  steam,  240  ; 
indicator,  241. — Jenkin,  C.  F.,  Compression  and  release,  241. — Head, 
A.  P.,  Eeflecting  indicator,  241. — Head,  J.,  Balancing  of  recijirocating 
weights,  242 ;  high  speed  of  turbine  engines ;  lubrication  of  single- 
acting  high-speed  engines,  243. — Schonheyder,  W.,  Horse-power ;  starting 
and  lubricating,  244. — Cowper,  C.  E.,  Piston  weight  and  engine  speed ; 
bath  of  lubricant,  245. — Daniel,  W.,  Governor,  245. — Anderson,  E.  W., 
Compression;  weight  of  pistons,  246;  dead  points;  surface  exposed  to 
steam,  247;  bath  of  lubricant;  advantage  of  compression,  248;  piston 
packing ;  mechanical  efficiency  ;  calibration  of  reflecting  indicator,  249 ; 
valve  diagrams,  250;  size  of  engine;  starting  and  governing,  251. — 
Kennedy,  A.  B.  W.,  Valve  diagrams,  251. 

HoDSES,  F.  W.,  elected  Graduate,  170. 

HoPKENSON,  Dr.  E.,  elected  Member,  1. 

HuMPiDGE,  J.  D.,  elected  Member,  1. 

Institution  Dinner,  Anniversary,  171. 
Ironside,  W.  A.,  elected  Graduate,  170. 
Irwin,  T.  P.,  elected;  Member,  1. 

Jackson,  J.  B.,  elected  Member,  169. 

Jenkin,  C.  F.,  Eemarks  on  High-Speed  Engine,  241. 

Johnson,  W.  "W.,  elected  Graduate,  2. 

Joy,  B.  H.,  Eemarks  on  Fluid-Pressure  Eeversing  Gear,  268. 

Joy,  D.,  Motion  for  re-appointment  of  Auditor,  23. — Paper  on  a  Fluid-Pressuie 

Eeversing  Gear  for  Locomotive  Engines,  252. — Eemarks  on  ditto,  258, 

260,  269,  273,  275. 

Keen,  A.,  re-elected  Member  of  Council,  26. 

Kennedy,  A.  B.  W.,  Eemarks  on  By-laws,  24.— Elected  President,  26.— Eemarks 
on  taking  office  as  President,  28  : — on  vote  of  thanks  to  retiring  President, 
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29. — Announcement  of  Summer  Meetiug,  30. — Remarks  ou  JMarine- 
Engine  Trials,  110,  112,  129.— Address  at  Spring  Meeting,  174.  See 
Address  of  President. — Acknowledgment  of  vote  of  thanks,  212. — 
Remarks  on  High-Sj^eed  Engine,  251 : — on  Fluid-Pressure  Reversing 
Gear,  275. 
Kerslake,  W.  B.,  elected  Associate  Member,  2. 

Labmuth,  W.  0.,  elected  Graduate,  170. 

Leslie,  A.,  Memoir,  162. 

Library,  Donations  in  1893,  7,  14-22. 

Life  Membership,  6. 

Locomotive  Engines,  Fluid-Pressure  Reversing  Gear,  252.     See  Fluid-Pressure 

Reversing  Gear. 
Low,  G.,  Memoir,  276. 

Mackie,  J.,  elected  Member,  1. 

Mansfield,  E.,  elected  Member,  169. 

Mansfield,  W.,  elected  Graduate,  170. 

Marine-Engine  Trials,  Researcli  Committee  on  Marine-Engine  Trials,  Abstract 
of  results  of  Exi^eriments  on  Six  Steamers,  and  Conclusions  drawn 
therefrom  in  regard  to  the  efQciency  of  Marine  Boilers  and  Engines,  by 
T.  H.  Beare,  33. — Steamers  tried,  33 ;  dimensions  and  speed  on  trial,  34. 
— General  description  of  boilers,  36 ;  observations  made,  and  relations 
between  them,  38. — Analysis  and  thermal  value  of  fuel  and  ashes,  41. — 
Feed-water,  in  relation  to  boiler  and  fuel,  44. — Priming,  46. — Funnel 
gases,  48. — Air  supply,  50. — Radiation,  51. — General  conclusions  as  to 
boilers,  52. — Engines,  53. — Observations  made,  55. — Steam  pressures,  56. 
— Power  measurement,  57. — Back-pressure,  59. — Feed-water,  in  relation 
to  engine  and  power,  60. — Steam-Jackets,  62. — Initial  condensation,  and 
re-evaporation,  63. — Expansion  of  steam,  68. — Weiglit  of  machinery,  and 
indicated  liorse-power,  68. — Circulating  water,  69. — Condensing  surface, 
and  temperatures  of  circulating  water  and  condensed  steam,  70. — 
Conclusions,  71. 

Discussion. — Beare,  T.  H.,  Priming  in  "Tartar,"  71. — White,  Dr.  W.  H., 
Value  of  trials,  74 ;  comparison  of  results,  77. — Edwards,  F.,  Indicator 
diagrams  from  "lona,"  78. — Mudd,  T.,  Overlapping  of  diagrams  from 
"  lona,"  79 ;  initial  condensation ;  temperature  of  funnel  gases,  81. — 
Sankcy,  Capt.  H.  R.,  Transformation  of  indicator  diagrams  into  tlieta-phi 
diagrams,  82-9;  priming,  89;  back-pressure,  90;  expansion,  91. — 
Phillips,  J.,  Effect  of  damper,  91. — Mudd,  T.,  Temperature  in  funnel,  91 ; 
leakage  ;of  heat,  92. — Head,  J.,  Comparison  of  "lona"  and  "Ville  de 


286  INDEX.  April  1894. 

Douvres,"  92 ;  economy  of  fuel  in  cargo  boats  ;  boilers  and  fuel,  94 ;  forced 
draught  and  natural  draught,  95 ;  weight  and  power  of  machinery,  97 ; 
margin  of  power  for  safety,  98. — Saxon,  A.,  Reserve  of  power  in  "  lona  "  ; 
loss  of  pressure  in  steam-pipe,  99. — Cochrane,  C,  Loss  of  steam  pressure  ; 
condensing  and  condensed  water,  101. — Halpin,  D.,  Measurement  of  feed- 
water  ;  loss  of  steam  pressure,  103 ;  radiation,  104 :  condensing  water,  105. 
— McGregor,  J.,  Performance  of  boilers,  106;  temperatures  of  fires,  107; 
size  and  power  of  engines,  107  ;  vacuum,  108. — Donkin,  B.,  Maximum  and 
minimum  results  of  trials,  108. — Cowper,  C.  E.,  Theta-phi  diagrams,  109, 
110. — Phillips,  J.,  High  boiler-pressure.  111. — Edwards,  F.,  Damper  in 
chimney,  112. — Kennedy,  A.  B.  W.,  Temperature  in  chimney,  112. — 
Phillips,  J.,  Priming,  113. — Segundo,  E.  C.  de.  Water  consumption,  113 ; 
coal  consumption,  114. — Edwards,  F.,  Testing  of  pistons,  114 ;  priming 
and  coal  consumption,  115. — Beare,  T.  H.,  Uniform  rate  of  coal 
consumption,  116. — Edwards,  F.,  Back-pressure,  116;  vacuum  gauges, 
117. — Capper,  D.  S.,  Indicators  ;  steam-jacketing,  118. — Schonheyder,  W., 
Water  measurement,  119. — Walker,  W.  G.,  EfiBciency,  and  number  of 
cylinders,  120.  —  Robinson,  L.  S.,  Progressive  power  trials,  122. — 
Robinson,  M.,  Brake  horse-power,  122. — Beare,  T.  H.,  Initial  condensation, 
123  ;  overlapping  of  indicator  diagrams ;  priming,  124 ;  back-pressure ; 
radiation,  125 ;  loss  of  pressure  ia  steam  pipe,  126  ;  disparity  between  two 
steamers ;  funnel  gases,  127 ;  air  leakage,  128. — Kennedy,  A.  B.  W., 
Objects  of  trials,  129. — Sankey,  Capt.  H.  R.,  Theta-phi  diagrams,  and 
comparisons  made,  130 ;  heat  turned  into  work,  132. — Cummins,  W.  R., 
Priming,  134 ;  boiler  pressure,  expansion,  and  efficiency,  135  ;  initial 
condensation  and  re-evaporation,  135 ;  mode  of  estimating  weight  of 
steam,  137.  —  Halpin,  D.,  Measurement  of  boiler  efficiency,  138. — 
Beare,  T.  H.,  Theta-phi  diagrams  ;  initial  condensation,  139. 

Martin,  E.  P.,  elected  Vice-President,  26. 

Mather,  G.  R.,  elected  Member,  1. 

Maw,  W.  H.,  re-elected  Member  of  Council,  26. 

McGeorge,  J.,  elected  Associate  Member,  2. 

McGregor,  J.,  Remarks  on  Marine-Engine  Trials,  106. 

McLean,  R.  A.,  re-appointed  to  audit  Institution  accounts,  23. 

Meetings,  1894,  Annual  General,  1. — Spring,  169. 

Memoirs  of  Members  recently  deceased,  160,  276. 

Midelton,  T.,  Memoir,  277. 

Moon,  E.  R.,  elected  Graduate,  170. 

Motors,  Electric,  178.     See  Address  of  President. 

MuDD,  T.,  Remarks  on  Marine-Engine  Trials,  79,  91. 

Murphy,  E.  O.,  elected  Associate  Member,  170. 
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Peajsoe,  E.  M.,  elected  Member,  1. 

Pettek,  p.  W.,  elected  Graduate,  2. 

Phillips,  J.,  Kemarks  on  Marine-Engine  Trials,  91,  111,  112. 

Platt,  J.,  re-elected  Member  of  Council,  26. 

Poland,  W.,  elected  Member,  169. 

PoppLETON,  C.  F.,  elected  Associate  Member,  170. 

PowEE,  Transmission,  177.    See  Address  of  President. 

President's  Address,  174.    See  Address  of  President. 

Priming.     See  Marine-Engine  Trials. 

Eeid,  J.,  Memoir,  278. 

Keport  op  Council,  3.     See  Council,  Annual  Eeport. 

Eesearch  Committee  on  Marine  -  Engine  Trials ;  Abstract  of  results  of 
Experiments  on  Sis  Steamers,  and  Conclusions  drawn  tlierefiom  in  regard 
to  the  efficiency  of  Marine  Boilers  and  Engines,  by  T.  H.  Beare,  33. 
See  Marine-Engine  Trials. 

Eesearch  Committees,  7. 

Eeversing  Gear,  Fluid-pressure,  for  Locomotive  Engines,  252.  See  Fluid- 
Pressure  Eeversing  Gear. 

EiCHARDs,  E.  W.,  re-elected  Vice-President,  26. 

EiCHARDS,  L.,  Eemarks  on  High-Speed  Engine,  234 : — on  •  Fhiid-Pressure 
Eeversing  Gear,  260. 

ElCHES,  T.  H.,  re-elected  Member  of  Council,  20. — Eemarks  on  Fluid-Pressure 
Eeversing  Gear,  260. 

KiCHMOND,  W.  F.,  elected  Graduate,  170. 

EiGG,  A.,  Eemarks  on  High-Speed  Engine,  235. 

EiLEY,  J.  H.,  elected  Member,  1. 
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1886.  Bright,  William,  Manager,  Fairwood  Tin-Plate  Works,  Gowerton,  R.S.O., 

Glamorganshire. 
1894.  Brindley,  George  Samuel,  Cliffo  House,  Srnethwick,  near  Birmingham. 
1891.  Broadbent,  William,  Messrs.  Thomas  Broadbent  and  Sons,  Central  Iron 

Works,  Huddersfield.     IBroadhent,  Huddi-rsfield.     102.] 

1891.  Brock,  Cameron  William  Harrison,  18  Lullington  Road,  Anerley,  London, 

S.E. 
1865.  Brock,   Walter,   Messrs.   Denny   and   Co.,    Engine   Works,    Dumbarton. 
[Lennox,  Dumbarton.     1  and  15.] 

1890.  Brodie,  John  Alexander,  3  Cook  Street,  Liverpool. 

1852.  Brogden,  Henry  (Life  Member),  Hale  Lodge,  Altrincham,  near  Manchester. 
1890.  Brogden,  Thomas,  Messrs.  Appleby  and  Brogden,  Sandside,  Scarborough. 

1892.  Bromilcy,  William  J.,  Messrs.  Dobson  and  Barlow,  Kay  Street  Machine 

Works-',  Bolton. 
1892.  Brooke,  John  Walter,  Adrian  Iron  Works,  Lowestoft. 
1892.  Brooke,  Robert  Grundy,  Messrs.  Holden  and  Brooke,  St.  Simon's  Works, 

Sal  ford,  Manchester.     [Influx,  Manchester.'] 
1884.  Brook-Fox,    Frederick     George,    care    of    IMcssrs.     Grindlay    and    Oo., 

55  Parliament  Street,  Westminster,  S.W. :  (or  care  of  Messrs.  H.  S.  King 

and  Co.,  65  Corahill,  London,  E.C.) 
1880.  Brophy,  Michael  Mary,  Messrs.  James  Slater  and  Co.,  251  High  Holborn, 

London,  W.C. 
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1874.  Brotherhood,  Peter,  15  and  17  Belvedere  Road,  Lambeth,  London,  S.E. ; 

and  15  Hyde  Park  Gardens,  London,  W.     [Brotherhood,  London.'] 
188G.  Brown,  Andrew,  Willis  Eoad,  Erith,  S.O.,  Kent:  (or  care  of  P.  B.  Brown, 

G60  Grimesthorpe  Eoad,  Sheffield.) 
1SG6.  Brown,    Andrew    Betts,   F.R.S.E.,    Messrs.   Brown    Brothers    and    Co., 

Rosebank  Iron  Woiks,  Edinburgh. 

1891.  Brown,  Arthur  Mogg,  P.O.  Box  491,  Johannesburg,  Transvaal,  South  Africa. 
1885.  Brown,  Benjamin,  Widnes  Foundry,  Widnes. 

1880.  Brown,  Francis  Robert  Fountaine,  Mechanical  Superintendent,  Intercolonial 

Railway  of  Canada,  ]\Ioncton,  New  Brunswick,  Canada. 

1889.  Brown,    Frederick   Alexander   William,   Lieutenant    R.A.,   Inspector  of 

Ordnance  Macliinery,  The  Castle,  Cape  Town,  Cape  Colony :   (or  42 
Fermoy  Road,  St.  Peter's  Park,  Loudon,  W.) 

1881.  Brown,  George  William,  Messrs.  Huntley  Boorne  and  Stevens,  Reading 

Tin  Works,  Reading. 

1892.  Brown,  James  Fiddes,  147  Woodbridge  Road,  Ipswich. 

1884.  Brown,  Oswald,  28  Victoria   Street,  Westminster,  S.W.     [Acqua,  London.'] 

1890.  Brown,  Robert,  Manor  House  Engine  Works,  Far  Cotton,  Northampton. 

1888.  Brown,  William,  Messrs.  W.  Simons  and  Co.,  London  Works,  Renfrew. 
1892.  Brown,  William,  Messrs.  Siemens  Brothers  and  Co.,  Woolwich. 

1887.  Browne,  Frederick  John,  Messrs.  Austin  Wood  Browne  and  Co.,  Austin 

Foundry,  Parkfield  Street,  Islington,  London,  N. 
1874.  Browne,   Tomyns    Reginald,   Deputy    Locomotive   Superintendent,  East 

Indian  Railway,  Jamalpur,   Bengal,   India :    (or   care  of  Messrs.   W. 

Watson  and  Co.,  27  Leadenhall  Street,  London,  E.C.) 
1874.  Bruce,  Sir  George  Barclay,  3  Victoria  Street,  Westminster,  S.W. 

1889.  Bruce,  Robert,  30  Great  St.  Helen's,  London,  E.C.     [Tangential,  London.] 
1867.  Bruce,  William  DufF,  Vice-Chairman,  Port   Commission,   Calcutta  ;  and 

23  Roland  Gardens,  South  Kensington,  London,  S.W. 

1888.  Bruff,  Charles  Clarke,  Coalport  China  Co.,  Coalport,  near  Ironbridge,  Salop. 
1873.  Brunei,  Henry  Marc,  21  Delahay  Street,  Westminster,  S.W.     [3024.] 
1892.  Brunlees,  John,  12  Victoria  Street,  Westminster,  S.W.     [3245.] 

1891.  Brunner,  Adolphus,  55  Am  Kouigin  Strasse,  Munich,  Bavaria:  (or  care  of 

L.  F.  Brunner,  257  Romford  Road,  Forest  Gate,  London,  E.) 
1887.  Brunton,  Philip  George,  Resident  Engineer,  Department  of  Roads  and 

Bridges,  Public  Works  Office,  Sydney,  New  South  Wales :  (or  care  of 

J.  D.  Brunton,  19  Great  George  Street,  Westminster,  S.W.) 
1884.  Bryan,  William  B.,  Engineer,   East   London  Water  Works,  Lea  Bridge, 

Clapton,  London,  N.E. 

1892.  Buckley,  John  T.,  Messrs.  Stevenson  and  Co.,  Canal  Foundry,  Preston; 

and  50  Poulton  Street,  Kirkham,  near  Preston. 
1873.  Buckley,  Robert  Burton,  An-ah,  Shahabad,  Bengal,  India:   (or  care  of 
H.  Burton  Buckley,  1  St.  Mary's  Terrace,  Paddington,  London,  W.) 
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1877.  Buckley,  Samuel,  Messrs.  Buckley  and  Taylor,  Castle  Iron  Works,  Oldham. 

1886.  Buckney,  Thomas,  Messrs.  E.  Dent  and  Co.,  61  Strand,  London,  W.C. 

1887.  Buckton,  Walter,  27  Ladbroke  Square,  London,  W. 

1878.  Buddicom,  Harry  William,  Penbedw,  Nannerch,  near  Mold. 

1886.  Budenberg,  Christian  Frederick,  Messrs.  Schafifer  and  Budenberg, 
1  Southgate,  St.  Mary's  Street,  Manchester;  and  Bowden  Lane, 
Marple,  Stockport.     [Manometer,  Manchester.     899.] 

1882.  Budge,  Enrique,  Engineer-in-Chief,  Harbour  Works,  Valparaiso,  Chile : 
(or  care  of  Messrs.  Rose-Inncs  Cox  and  Co.,  4  Fenchurch  Avenue, 
London,  E.G.) 

1881.  Bulkley,  Henry  Wheeler,  N.Y.  Times  Building,  41  Park  Row,  New  York, 

United  States. 
1884.  Bullock,  Joseph  Howell,  General  Manager,  Pelsall  Coal  and  Iron  Works, 
near  Walsall ;  and  Glenhurst,  Lichfield  Eoad,  Walsall. 

1882.  Bulmer,  John,  Spring  Garden  Engineering  Works,  Pitt  Street,  Newcastle- 

on-Tyne. 
1891.  Bumsted,  Francis  Dixon,  Cannock  Chase  Foundry  and  Engine  Works, 

Hednesford,  near  Stafford. 
1884.  Bunning,  Charles  Ziethen,  The  Borax   Co.,  9  Mehmet  Ali  Pacha  Khan, 

Constantinople. 
1884.  Bunt,  Thomas,  Superintendent   Engineer,  Kiangnan  Arsenal,  Shanghai, 

China  :  (or  care  of  R.  Pearce,  Lauarth  House,  Holders  Hill,  Hendon, 

London,  N.W.) 

1884.  Bunting,  George  Albert,  Locomotive   Superintendent,  Estrada  de  Ferro 

Recife  e  Sao  Francisco,  Pernambuco.  Brazil. 
188.5.  Burder,  Walter  Cliapman,  Messrs.  Messenger  and  Co.,  Lougli borough. 
1891.  Burgess,   Francis    Chassereau  Boughey,    Office   of  Director   General   of 

Railways,  Technical  Section,  Simla,  India. 
1894.  Burke,  Michael  James,  Locomotive  and  Carriage  Superintendent,  Morvi 

Railway,  Morvi,  India. 
1881.  Burn,  Robert  Scott,  Oak  Lea,  Edgeley  Road,  near  Stockport. 
1893.  Bunics,  Thomas,  Fleet  Engineer,  R.N.,  H.M.S.  "Hotspur,"  Chatham. 
1879.  Burnet,   Lindsay,   Moore    Park    Boiler    Works,   Govan,  near  Glasgow. 

[^Burnet,  Glasgoiv.    1513.] 
1878.  Burnett,  Robert  Harvey,  Messrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry, 

IManchester. 
1878.  Burrell,  Charles,  Jun.,  Messrs.  Charles  Burrell  and   Sons,  St.  Nicholas 

Works,  Thetford.     IBurrell,  Thet/ord.] 

1885.  Burrell,  Frederick  John,  ]Messrs.  Charles  Burrell  and  Sons,  St.  Nicholas 

Works,  Thetford.     [Burrell,  Thetford.} 
1887.  Burstal,  Edward  Kynaston,  Messrs.  Stevenson  and  Burstal,  38  Parliament 
Street,  Westminster,  S.W. 
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1890.  Burstall,  Henry  Robert  John,  li   Old  Queen  Street,  "Westminster,  S."W.  ; 

and  76  King's  Eoad,  London,  N.W. 
1884.  Butcher,  Joseph  John,  Heine   Safety   Boiler    Co.,   Electrical  Exchange 

Building,  136  Liberty  Street,  New  York,  United  States. 
1882.  Butler,  Edmund,  Kirkstall  Forge,  near  Leeds.     [Forge,  KirTcstall.'] 
1892.  Butler,  Henry  William,  1  Bakehouse  Court,  Godliman  Street,  London,  E.G. 
1884.  Butler,  Hugh  Myddleton,  Kirkstall  Forge,  near  Leeds. 

1891.  Butler,  James,  Victoria  Iron  "Works,  Halifax ;  and  Longfield,  Halifax. 
1888.  Butter,  Frederick  Henry,  Carriage  Department,  Royal  Arsenal,  "Woolwich  ; 

and  4  Hanover  Eoad,  Brookhill  Park,  Plumstead. 

1891.  Butter,  Henry  Joseph,  Messrs.  Tannett  "Walker  and   Co.,   Leeds;    and 

Claremont,  Burrage  Eoad,  Plumstead. 
1894.  Butterworth,     Joseph,     Messrs.     Lancaster     and     Tonge,     Pendleton, 
Manchester. 

1892.  Byrne,  Francis  Furlong,  Engineer,  Harbour  Office,  Drogheda,  Ireland. 

\_Byrne,  Engineer,  Drogheda.'] 


1887.  Caiger,  Emery  John,  Messrs.  E.  J.  Caiger  and  Co.,  77  Billiter  Buildings, 

Billiter  Street,  London,  E.C.     [Caiger,  London^ 
1886.  Caimes,      Frederick      Evelyn,      Bridgewater     Hotel,      Worsley,     near 

Manchester. 
1889.  CaUan,  William,  Eiver  Plate  Fresh  Meat  Co.,  2  Coleman  Street,  London, 

E.C. 
1886.  Cambridge,  Henry,  Stuart  Chambers,  Mount  Stuart  Square,  CardiiF. 
1893.  Campbell,  Andrew  Chisholm,  Messrs.  James  Campbell  and  Sons,  Vulcan 

Engine  Works,  William  Moult  Street,  Liverpool. 
1877.  Campbell,  Angus,  Logic,  Mussoorie,  X.  W.  Provinces,  India. 
1880.  Campbell,  Daniel,  Messrs.  Campbell,  Macmaster  and  Co.,  Botolph  House, 

10  Eastcheap,  London,  E.C.     [Duke,  London.     2011.] 
1869.  Campbell,  James,  Hunslet  Engine  Works,  Leeds.     [Engineco,  Leeds.] 
1893.  Campbell,  James  Alexander  Milk-r,  Messrs.  James  Campbell  and  Sons, 

Vulcan  Engine  Works,  William  Moult  Street,  Liverpool. 
1882.  Campbell,    John,    Messrs.    R.   W.  Deacon    and    Co.,   Kalimaas  Works, 

Soerabaya,  Java. 
1892.  Campbell,  William  Walker,  Messrs.    Campbell    and  Calderwood,   Soho 

Engine  Works,  Paisley.     [Soho,  Paisley.     162.] 
1885.  Capito,  Charles  Alfred  Adolpb,  2  Penywern  Eoad,  Earl's  Court,  London, 

S.W. 
1892.  Capper,  David  Sing,  Professor  of  Mechanical  Engineering,  King's  College, 

Strand,  London,  W.C. 
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1860.  Carbutt,  Sir  Edward  Hamer,  Bart.,  19  Hyde  Park  Gardens,  Loudon,  W. ; 

and  Nanhurst,  Cranleigh,  Guildford. 
1878.  Cardew,   Cornelius    Edward,   Locomotive  and   Carriage   Superintendent, 

Burma  State  Kailways,  Insein,  Burma ;  care  of  Messrs.  King  King  and 

Co.,  Bombay,  India  :  (or  care  of  Eev.  J.  H.  Cardew,  Wingfield  Eectory, 

Trowbridge.) 
1875.  Cardozo,  Francisco  Correa   de   Mesquita  {Life  Member),  Messrs.  Cardozo 

and  Irmao,  Pernambuco  Engine  Works,  Pernambuco,  Brazil  :  (or  care 

of  Messrs.  Fry  Miers  and  Co.,  8  Great  Winchester  Street,  London, 

E.G.) 
1878.  Carlton,  Thomas  William,  Marlow  House,  New  Swindon,  Wiltshire. 
1892.  Carnegie,  David,  Koyal  Laboratory,  Eoyal  Arsenal,  Woolwich. 
1869.  Carpmael,    Frederick,    106     Croxted     Koad,    West    Dulwich,    Loudon, 

S.E. 
1866.  Carpmael,  William,  24  Southampton  Buildings,  London,  W.C.    [^Carpmael, 

London.     2608.] 
1877.  Carr,  Robert,  1  West  Pier,  London  Docks,  London,  E. 
1892.  Carrack,     Charles,      Messrs.     Crossley     Brothers,      5     Hounds     Gate, 

Nottingham. 

1884.  Carrick,    Henry,     Messrs.     Carrick    and    Wardale,    Redheugh    Engine 

Works,    Gateshead;     and    Newbrough     Lodge,    Fourstones,    E.S.O., 
Northumberland.     [Wardale,  Gateshead.'] 

1885.  Carter,   Herbert   Fuller,  Calle  de  Gante  8,  Ciudad  de  Mexico,  Mexico  : 

(or    care  of   H.    Maynard    Carter,    126  Wool  Exchange,  Basinghall 

Street,  London,  E.C.) 
1877.  Carter,    William,     Manager,    The    Hydraulic    Engineering     Company, 

Chester. 
1891.  Carter,  William  Charles,  Mansion  House  Chambers,  Queen  Victoria  Street, 

London,  E.C.     [Tympanum,  London.'] 
1888.  Castle,    Frank,    Royal    College    of    Science,    Exhibition    Road,    South 

Kensington,  London,  S.W. 

1891.  Caswell,  Samuel  John,  31  Sakai  Machi,  Kobe,  Japan. 

1892.  Causer,  William  George,  Brigliton  Villa,  Handsworth,  R.O.,  Birmingham. 
1883.  Cawley,  George,  29  Great  George  Street,  Westminster,  S.W. 

1892.  Chadwick,  Osbert,  C.  M.  G.,  Crown  Agents'  Department,  Colonial  Office, 

Downing  Street,  London,   S.W. ;  and  11  Airlie  Gardens,  Kensington, 

London,  W. 
1894.  Chaffey,   George,   Messrs.   Chnffcy   Brothers,  35  Queen  Victoria  Street 

London,  E.C. 
1876.  Challen,    Stephen    William,     Messrs.     Taylor    and     Challen,    Derweut 

Foundry,    60    and    02    Constitution    Hill,    Birmingham.      [Derwent, 

Birmingham.] 
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1892.  Chalmers,  George,  St.  John   del  Eey  Mining  Co.,  28  Tower  Chambers, 

Finsbury  Pavement,  London,  E.G. 

1886.  Chalmers,  John  Reid,  18  Hemingford  Road,  Barnsbury,  London,  N. 

1884.  Chamberlain,  John,   Engineer's  Department,   Gas  Light  and  Coke  Co., 

Horseferry  Road,  "Westminster,  S.W. 
1890.  Chandler,  Noel,  Cannock  Chase  Foundry  and  Engine  Work.s,  Hednesford. 
near  Stafford. 

1887.  Chapman,  Alfred  Crawhall,  3  St.  Xicholas'  Buildings,  Xewcastle-on-Tyne. 

1888.  Chapman,    Arthur,   Assam   Railways   and    Trading   Co.,   1    Clive   Ghat 

Street,   Calcutta,   India;    The    New    Club,   Calcutta,   India:  (or  St. 

Andrew's  Cottage,  Bury  St.  Edmund's.) 
1882.  Chapman,  Hedley,  Messrs.  Cliapman  Carverhill  and  Co.,  Scotswood  Road, 

Newcastle-on-Tyne. 
1866.  Chapman,   Henry,  69  Victoria    Street,  "Westminster,    S.W.      [Tuhalcain, 

London.'] ;  and  10  Rue  Laffitte,  Paris. 
1878.  Cliapman,   James   Gregson,  Messrs.  Fawcett    Preston   and   Co.,  Phoenix 

Foundry,   Liverpool;    and    25   Austiufriars,    London,    E.C.    [Faiccett, 

London.] 
1887.  Chapman,  Joseph  Crawhall,  70  Chancery  Lane,  London,  "W.C. ;  and  St. 

Mildred's,  Lovelace  Gardens,  Surbiton. 

1893.  Charlesworth,  Sheard,  Messrs.  S.  Charlesworth  and  Co.,  Richmond  Hill 

Iron  "V\"orks,  Oldham.     \_Charlesv:orth,  Engineers,  Oldham.     63.] 

1885.  Charnock,  George  Frederick,  Engineering  Department,  Technical  College, 

Bradford. 
1877.  Chater,  John,  l^Iessrs.  Henry  Pooley  and  Son,  89  Fleet  Street,  London,  E.C. 

1890.  Chater,  John  Richard,  Madras  Railway,  Madras,  India;  and  care  of  John 

Chater,  223  Peckham  Rye,  London,  S.E. 

1891.  Chatterton,  Alfred,   Professor  of  Engineering,   College  of  Engineering, 

Madras,  India. 
1887.  Chatwin,    James,    Victoria    "U'orks,    Great    Tindal    Street,    Ladywood, 

Birmingham. 
1567.  Chatwood,   Samuel,   Lancashire   Safe     and    Lock   "Works,   Bolton ;    and 

High  Lawn,  Broad  Oak  Park,  "Worsley,  near  Manchester. 
1873.  Cheesman,  "William  Talbot,  Hartlepool  Rope  "Works,  Hartlepool. 
1881.  Chilcott,  William  "Winsland,  The  Terrace,  H.M.  Dockyard,  Sheerness. 
1880.  Churchward,  George  Dundas,  Locomotive  Superintendent,  Imperial  Chinese 

Railways,  care  of   H.B.M.'s    Consulate,   Tientsin,  North  China:    (or 

care  of  A.  "W.    Churchward,   London   Chatham  and  Dover  Railway, 

Queenborough  Pier,  Queenborough.) 

1894.  Churchward,  George  Jackson,  Great  "Western  Railway  Carriage  "Works, 

Swindon. 
1891.  Clark,  Augustus,  Bowman's  Heirs,  Pernambuco,  Brazil. 
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1871.  Clark,  Christopher  Fisher,  Mining  Engineer,  Garswood  Coal  and  Iron 
Co.,  Park  Lane  Collieries,  Wigan;  and  Cranbury  Lodge,  Park  Lane, 
Wigan.   iParh  Lane,  Wigan.'] 

1878.  Clark,  Daniel  Kinnear,  8  Buckingham  Street,  Adelphi,  London,  W.C. 

1867.  Clark,  George,  Southwick  Engine  Works,  near  Sunderland. 

1889.  Clark,  Thomas  Alexander,  Superintendent  of  Workshops,  George  Heriot's 

Hospital  School,  Edinburgh. 

1885.  Clarke,  Leslie,  132  Westbourne  Terrace,  Hyde  Park,  London,  W. 
1804.  Clarkson,  Charles,  100  Oakfield  Road,  Cannon  Hill,  Birmingham. 

1891.  Clarkson,  Thomas,  Grove  Villa,  Carshalton  Grove,  Sutton,  Surrey. 

1892.  Clay,   Charles  Butler,  National   Telephone   Co.,  Oxford  Court,   Cannon 

Street,  London,  E.C. 

1886.  Clayton,  Samuel,  St.  Thomas'  Engine  Works,  Sunbridge  Road,  Bradford. 
1882.  Clayton,  William  Wikeley,  Messrs.  Hudswell  Clarke  and  Co.,  Railway 

Foundry,  Jack  Lane,  Leeds.     [Loco,  Leeds.    504.] 

1890.  Cleathero,   Edward  Thomas,    Messrs.   Cleathero   and  Nichols,  Phoenix 

Works,   Boleyn   Road,   Kingsland,    London,   N. ;    and   16   Tollington 

Place,  London,  N. 
1890.  Cleaver,  Arthur,   Engineer,   Nottingham   Laundry  Co.,   Sherwood,   near 

Nottingham  ;  and  Hornby  House,  Sherwood,  near  Nottingham. 
1890.  Cleland,  William,  Sheffield  Testing  Works,  Blonk  Street,  Sheffield. 
1871.  Cleminson,  James,  Dashwood  House,  9  New  Broad  Street,  London,  E.C. 

[Catamarca,  London.] 
1873.  Clench,  Frederick,  Newland  House,  Lincoln. 
1885.  Clifton,  George  Bellamy,  Great  Western  Railway  Electric  Light  Works, 

150  Westbourne  Terrace,  Paddington,  London,  W. 
1885.  Close,  John,  Jun.,  York  Engineering  Works,  Leeman  Road,  York. 
1885.  Clutterbuck,  Herbert,  Engineers'  Department,  London  County   Council 

Spring  Gardens,  London,  S.W. 
1882.  Coates,  Joseph,  117  Cannon  Street,  London,  E.C. 
1881.  Cochrane,  Brodie,  Mining  Engineer,  Aldin  Grange,  Durham. 
1858.  Cochrane,  Charles,  Woodside  Iron  Works,  near  Dudley  ;  and  Green  Royde, 

Pedmore,  near  Stourbridge. 

1887.  Cochrane,  George,  Resident  Engineer,  London  Hydraulic  Power  Works, 

46  Holland  Street,  Blackfriars  Road,  London,  S.E. 
1885.  Cochrane,  John,  Grahamston  Foundry  and  Engine  Works,  Barrhead,  near 

Glasgow.     [Cochrane,  Barrhead.'] 
1869.  Cochrane,  Joseph  Bramah,  Woodside  Lon  Works,  near  Dudley. 

1868.  Cochrane,WilIiam,  Mining  Engineer,  Elswick  Colliery,  Elswick,  Newcastle- 

on-Tyne;   and  Oakfield  House,  Gosforth,  Newcastle-on-Tyne. 
1864.  Coddington,  William,    M.P.,   Ordnance    Cotton   Mill,    Blackburn;    and 
Wy collar,  Blackburn. 
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1889.  Coey,    Eobert,    Assistant    Locomotive    Engineer,    Great    Southern    and 

Western  Eailway,  Incliicore  Works,  near  Dublin. 
1889.  Colam,  William  Newby,  Billiter  Buildings,  Billiter  Street,  London,  E.G. 

{_Colmn,  London.^ 
1892.  Cole,    Henry  Aylwin   Bevan,   79i   Gracecburch    Street,    London,    E.G. 

[^Carbuncle,  London.'] 
1878.  Coles,  Henry  James,  Sumner  Street,  Southwark,  London,  S.E. 

1877.  Goley,  Henry,  Mansion  House  Chambers,  Queen  Victoria  Street,  London, 

E.G. 
1892.  Collen,  Eobert  Henry,  10  Dover  Eoad,  Northfleet,  S.O.,  Kent. 
1884.  CoUenette,  Ealph,  Fairfield  House,  Idle,  near  Bradford. 
1884.  Coltman,  John  Charles,  Messrs.  Huram  Coltman  and  Son,  Engineering 

Works,  Meadow  Lane,  Loughborough. 

1878.  Colyer,  Frederick,  18  Great  George  Street,  Westminster,  S.W. 

1888.  Combe,  Abram,  Messrs.  Combe  Barbour  and  Combe,  Falls  Foundry,  Belfast. 

1889.  Common,  John  Freeland  Fergus,  4  Bute  Crescent,  Cardiff. 

1881.  Compton-Bracebridge,    John    Edward,    Messrs.    Easton    Anderson    and 

Gooldcn,  3  Whitehall  Place,  London,  S.W. 
1888.  Constantine,  Ezekiel  Grayson,  32  Victoria  Street,  Manchester.     [^Constant, 

Manchester.] 
1S86.  Oonyers,   Sidney  Ward,   Eailway   Construction    Branch,   Public   Works 

Department,  Sydney,  New  Soiith  Wales. 
1874.  Conyers,  William,  National  Mortgage  and  Agency  Co.  of  New  Zealand, 

Melbourne,  Victoria. 
1888.  Cook,   John  Joseph,  Messrs.  Eobinson   Cooks  and   Co.,  Atlas  Foundry, 

St.  Helen's,  Lancashire. 
1892.  Cooke,  Eupert  Thomas,  51  Angus  Street,  Eoath,  Cardiff. 
1877.  Cooper,  Arthur,  North  Eastern  Steel  Co.,  Eoyal  Exchange,  Middlesbrough. 
1883.  Cooper,  Charles  Friend,  Messrs.  Paterson  and  Cooper,  Telegraph  Works, 

Pownall  Eoad,  Dalston,  Loudon,  N.E.    IPatdla,  London.     1140.] 
1877.  Cooper,    George,    Pencliffe,    Alleyne    Eoad,    West    Dulwich,     London, 
S.E. 

1891.  Cooper,  Myles,  36  Victoria  Street,  Manchester, 

1874.  Cooper,  William,  Neptune  Engine  Works,  Hull.     [Neftune,  Hull.'] 
1881.  Coote,  Arthur,  Messrs.  E.  and  W.  Hawthorn  Leslie  and  Co.,  Hebburn, 
Newcastle-on-Tyne. 

1881.  Copeland,  Charles  John,  11  Eedcross  Street,  Liverpool. 

1885.  Coppe'e,  Evence,  223  Avenue  Louise,  Bruxelles,  Belgium. 

1892.  Corin,  Philip  Burne,  Messrs.  J.  M.  B.  Corin  and  Son,  Anchor  Foundry, 

Penzance. 
1848.  Corry,  Edward,  9  New  Broad  Street,  London,  E.G. 
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1881.  Cosser,  Thomas,  McLeod  Eoad  Iron  Works,  Kurrachee,  India  :  (or  care  of 
Messrs.  Ironside  Gyles  and  Co.,  1  Gresham  Buildings,  Guildhall, 
London,  E.G.) 

1883.  Cotton,  Henry  Streatfeild,  London  Hydraulic  Power  Co.,  Palace  Chambers, 

Bridge  Street,  Westminster,  S.W. 
1894.  Cottrill,  .John  Ormerod,  Bee  Hive  Works,  Bolton. 
1887.  Coulman,   John,   Hull    and    Barnsley   Kailway,   Spring    Head   Works, 

Hull. 
1868.  Coulson,  William,  Carlton  Grove,  Carlton  Miniott,  Thirsk. 
1878,  Courtney,     Frank    Stuart,     Messrs.     Easton     Anderson    and     Goolden, 

3  Whitehall   Place,   London,  S.W. ;  and  76  Eedcliffe    Square,  South 

Kensington,  London,  S.W. 
1875.  Coward,  Edward,  Messrs.  Melland  and  Coward,  Cotton  IMills  and  Bleach 

Works,  Heaton  Mersey,  near  Manchester, 
1875.  Cowen,  Edward  Samuel,  Messrs.  G,   E.   Cowen   and   Co.,  Beck  Works, 

Brook  Street,  Nottingham  ;  and  9  The  Eopewalk,  Nottingham.  [Coioen, 

Nottinghavi.     87.] 

1880.  Cowper,  Charles  Edward,  6  Great  George  Street,  Westminster,  S.W. 

1892.  Cowper-Coles,  Sherard    Osborn,  11  Hatton   Garden,  Loudon,  E.C.  ;  and 

16  Adam  Street,  Manchester  Square,  London,  W. 
1878,  Coxhead,  Frederick  Carley,  27  Leadenhall  Street,  London,  E.C. 
1887.  Crabbe,  Alexander,  4  Hawkhill  Place,  Dundee. 
1866,  Craven,  William,  Messrs.  Craven  Brothers,  Vauxhall  Iron  Works,  Osborne 

Street,  Manchester,     IVmixhaU,  Manchester.     659.] 
1894.  Craven,  William  H.  S.,  Messrs.  Craven  Brothers,  Vauxhall  Iron  Works. 

Osborne  Street,  Manchester.     [Vauxhall,  3Ianchester.     659.] 
1889.  Cribb,   Frederick  James,  Messrs.  Marshall  Sons  and  Co.,  Britannia  Iron 

Works,  Gainsborough, 

1884.  Crighton,  John,  Messrs.  Crighton  and  Co.,  20  Exchange  Buildings,  St. 

Mary's  Gate,  Manchester.     [Vacuum,  Manchester.'] 

1893.  Crippin,     Thomas     Henry,     Messrs.    John    Hctherington     and     Sons, 

Manchester ;  and  G6  Chorlton  Eoad,  Manchester. 

1883,  Croft,  Henry,  M.P.,  Chemanns,  Vancouver  Island. 

1878.  Crohn,  Frederick  William,  14  Burney  Street,  Greenwich,  London,  S.E. 
1877.  Crompton,  Eookes  Evelyn  Bell,  Arc  Works,  Chelmsford;   and   Mansion 

House  Buildings,  Queen  Victoria  Street,  London,  E.C,      [Crompton, 

Chelmsford.'] 

1884.  Crook,    Charles    Alexander,   Telegraph    Construction    and  Maintenance 

Works,  Enderby's  Wharf,  East  Greenwich,  London,  S.E. 

1881,  Crosland,   James    Foyell    Lovelock,    Chief    Engineer,   Boiler  Insurance 

and  Steam  Power  Co.,  67  King  Street,  Manchester. 
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1S91.  CroslanJ,  Joseph,  Messrs.  Seebohm  and  Dieekstalil,  Dannemora  Steel 
Works,  Sheffield ;  and  Stanley  Avenue,  Blrkdale,  Soiithport. 

1865.  Cross,  James,  Messrs.  John  Hutchinson  and  Co.,  Alkali  Works,  Widnes  ; 
and  Eirianfa,  Llangollen. 

1875.  Crossley,   William  John,   Messrs.   Crossley  Brothers,  Great  Marlborough 

Street,  Manchester.     [_Crossleys,  Openshaio.'] 
1882.  Cruickshank,  William  Douglass,  Chief  Government  Engineer    Surveyorr, 

Marine  Board,  Sydney,  New  South  Wales. 
I8S9.  Cullen,  William    Hart,  Resident  Engineer,  The  Aluminium  Co.,  Oldbury, 

near  Birmingham. 
1887.  Cutler,  George  Benjamin,  Messrs.  Samuel  Cutler  and   Sons,  Providence 

Iron  Works,  Millwall,  London,  E.  ;  and  4  Westcombe  Park,  Blackheath, 

London,  S.E. 

1876.  Cutler,  Samuel,  Messrs.  Samuel  Cutler  and  Sons,  Providence  Iron  Works, 

Millwall,  London,  E.     ^Cutler,  Millicall.     5059.]  ;  and  16  Great  George 
Street,  Westminster,  S.W. 


1888.  Dadabhoy,  Cursetjee,  Messrs.  Shapurji  Sorabji  and  Co.,  Bombay  Foundry 

and  Engine  Works,  Khetwady,  Bombay,  India ;   and  Cumbala  Hill, 

Bombay,  India. 
1864.  Daglish,   George    Heaton,  Eock    Mount,   St.   Anne's    Road,    Aigburth, 

near  Liverpool.     [_Daglish,  Aighurth.     2717.] 
1891.  Daglish,   Harry  Bolton,  Messrs.   Robert  Daglish  and   Co.,   St.   Helen's 

Engine  and  Boiler  Works,  St.  Helen's,  Laucasliire. 
1883.  D' Albert,  Charles,  Soeiete  des   Anciens  Etablissements  Hotchkiss  et  Cie^ 

6  Route  de  Gonesse,  St.  Denis,  Seine,  France. 
1890.  Dalby,    William    Ernest,    Engineering    Department,     The     University, 

Cambridge. 

1889.  Dalgamo,  James  Robert,  Danesford,  Countess  Wells  Road,  Mannofield, 

Aberdeen. 
1893.  Dall,  John,  Messrs.  Harland  and  Wolff,  Belfast. 
1893.  Dalrymple,  Alexander,  Superintendent  Engineer,  Hall  Line  of  Steamers, 

19  Tower  Buildings  N.,  Water  Street,  Liverpool. 
1881.  D' Alton,  Patrick  Walter,  London  Electric  Supply  Corporation,  Stowage 

Wharf,  Deptford,  London,  S.E. 
1866.  Daniel,   Edward  Freer,   Messrs.   Worthington    and    Co.,   The    Brewery, 

Burton-on-Trent :  and  89  Derby  Street,  Burton-on-Trent. 
1866.  Daniel,    William,    Messrs.  John  Fowler  and   Co.,   Steam    Plough  and 

Locomotive  Works,  Leeds ;  and  Fern  Bank,  Horsforth,  Leeds. 
1891.  Daniels,    Thomas,     Messrs.     Nasmyth    Wilson     and     Co.,     Patricroft, 

Manchester. 
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1888.  Darbisliire,  James   Edward,  110  Cannon   Street,   Loudon,   E.G.      [Ezra, 

London.     11306.] 
1S78.  Darwin,     Horace    (Life    Meinber),    The    Orchard,     Huntingdon    Eoad, 

Cambridge. 
1/873.  Davey,  Henry,  Messrs.  Hathorn  Davey  and  Co.,  Sun  Foundry,  Dewsbury 

Eoad,    Leeds    \_Su)i    Foundr)j,    Leeds]  ;       and     3    Prince's    Street, 

"Westminster,  S.W. 
1888.  Davidson,  Samuel  Cleland,  Sirocco  Works,  Bridge  End,  Belfast. 
1880.  Davies,  Charles  Merson,   Messrs.   Diibs   and   Co.,   Glasgow  Locomotive 

Works,  Glasgow ;  and  Laurieville,  Queen's  Drive,  Crossbill,  Glasgow. 

1885.  Davies,  Edward  John  Mines,  24  Harrington  Square,  London,  N.W. 
1S91.  Davies,  John   Hubert,  P.O.  Box   455,  Johannesburg,  Transvaal,   South 

Africa. 
1S94.  Davis,   George,   Engineer's  Office,  Lancashire   and   Yorkshire   Railway, 

Hunt's  Bank,  Manchester. 
1868.  Davis,  Henry  Wheeler,  5  Highbury  Grove,  Higlibury,  London,  X. 
1S77.  Davison,   John   Walter,    Bombay   Baroda    and    Central    India   Railway, 

Ahmedabad,   India:  (or   care   of  Mrs.    Channon,  23   Streatley  Road, 

Brondesbury,  London,  N.W.) 
1884.  Davison,  Robert,  Locomotive  Department,  Caledonian  Railway,  St.  Rollox, 

Glasgow. 

1873.  Davy,  David,  Messrs.  Davy  Brothers,  Park  Iron  Works,  Sheffield.    [Motor, 

SlieffieU.'] 
1892.  Davy,  William  James,  161  Huddleston  Eoad,  Tufnell  Park,  London,  N. 
1883.  Daw,  James   Gilbert,  Messrs.  'Nevill   Druce  and   Co.,  Llanelly    Copper 

Works,  Llanelly. 

1874.  Daw,  Samuel,  50  Chelsea  Road,  Southsea,  Portsmouth. 

1879.  Dawson,  Bernard,  110  Cannon  Street,  London,  E.C.     [Crocus,  London.'] ; 

and  The  Laurels,  Malvern  Link,  Malvern.    [Heather,  Malvern  Linlc] 

1875.  Dawson,  Edward,  2  Windsor  Place,  Cardiff.     [Mechanical,  Cardiff.] 
1890.  Day,  George  Cameron,  Messrs.  Day  Summers  and  Co.,  Xorthara  Iron 

AVorks,  Southampton. 

1886.  Dayson,     William     Ogdeu,      Blaenavon     Works,     Blaennvon,     R.S.O., 

Monmouthshire. 
1874.  Deacon,  George  Frederick,  32  Victoria  Street,  Westminster,  S.W. 

1880.  Deacon,    Richard    William,     Messrs.    Samuel    Fisher    and    Co.,    Nile 

Foundry,     Birmingham  ;      and     16     Cariicnter      Road,     Edgbaston, 

Birmingham. 
1894.  Deakin,  Benjamin  Walter,  Resident  Engineer,  City  of  London  Electric 

Lighting  Station,  04  Banksidc,  Southwark,  London,  S.E. 
1868.  Dean,  William,   Locomotive    Superintendent,    Great   Western    Railway, 

Swindon. 
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1887.  Deas,  James,  Clyde  Navigation,  Glasgow. 

1866.  Death,  Ephraim,  Messrs.  Death  and  EUwood,  Albert  Works,  Leicester. 
188-1.  Decauville,  Paul,  Portable  Eailway  Works,  Petit  Bourg,  Seine-et-Oise, 
France.     {Decauville,  Corheil.'] 

1890.  Deeley,  Kicliard  Mountford,  Locomotive  Department,  Midland  Kailway, 

Derby;  and  10  Charnwood  Street,  Derby. 
1877.  Dees,  James  Gibson,  36  King  Street,  Whitehaven. 

1889.  Defries,  Wolf,  Messrs.  Defries  and   Sons,  147  Houndsditch,   London,  E. 

[Defries,  London.'] 

1882.  Denison,    Samuel,    Messrs.    Samuel    Denison    and    Son,    Old   Grammar 

School  Foundry,  North  Street,  Leeds.     [Weigh,  Leeds.    221.] 
1892.  Dennis,  George  D.,  Superintendent  Engineer  to  William  Whiteley,  147 
Queen's  Koad,  London,  W. 

1888.  Dent,   Charles  Hastings,   London    and  North   Western   Piailway,   Lime 

Street  Station,  Liverpool. 

1883.  Dick,  Frank  Wesley,  Palmers  Shipbuilding  and  Iron  Works,  Jarrow. 

1891.  Dick,  John    Norman,    Government  Marine    Surveyor,   Penang,   Straits 

Settlements. 

1890.  Dickinson,  Alfred,  Engineer,  South  Staffordshire  Tramways,  Darlaston, 

Wednesbury. 

1891.  Dickinson,  James  Clark,  Palmer's  Hill  Engine  Works,  Sunderland. 
1880.  Dickinson,  John,   Palmer's  Hill    Engine   Works,   Sunderland.      [Bede, 

Sunderland.'] 

1892.  Dickinson,  Kichard  Elihu,  Bowling  Iron  Works,  Bradford. 

1892.  Dickinson,  Eichard  Henry,  Locomotive  Superintendent,  Birmingham 
Central  Tramways,  Kyotts  Lake  Depot,  Birmiagham. 

1875.  Dickinson,  William,  Warham  Koad,  Croydon. 

1888.  Dickson,  George  Manners,  Assistant  Engineer,  Calcutta  Water  Works, 
Municipal  Office,  Calcutta,  India. 

1886.  Dixon,  Robert,  10  Claremont  Street,  Newcastle-on-Tyne. 

1883.  Dixon,  Samuel,  Messrs.  Kendall  and  Gent,  Victoria  Works,  Springfield, 
Salford,  Manchester.     [Tools,  Manchester.     Nat.  330  ;  Mutual  1330.] 

1887.  Dixon,    William  Basil,    Earle's   Shipbuilding  and   Engineering  Works, 

Hull. 

1872.  Dobson,    Benjamin    Alfred,   Messrs.    Dobson    and    Barlow,   Kay   Street 

Machine  Works,  Bolton.     [Dobsons,  Bolton.] 

1873.  Dobson,    Richard   Joseph    Caistor,    De   Volharding,   Soerabaya,   Java : 

(or  care  of  Miss  Dobson,  4   Chesterfield  Buildings,  Victoria   Park, 

Clifton,  Bristol.) 
1880.  Dodd,  John,  Messrs.  Piatt  Brothers  and  Co.,  Hartford  Iron  Works,  Oldham. 
1868.  Dodman,  Alfred,  Highgate  Foundry,  Lynn.    [Dodman,  Lynn.] 
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1889.  Dolby,  Ernest  Eichard,  8  Prince's  Street,  Westminster,  S.W. 

1880.  Donald,  James,  Superintendent  Engineer,  Messrs.  James  Fisher  and  Sons, 

Fisher's  Buildings,  Barrow-in-Furness. 

1876.  Donaldson,  John,  Messrs.  John  I.  Thornycroft  and  Co.,  Steam  Yacht  and 

Launch  Builders,  Church  Wharf,  Chiswick,  London,  W.;   and  Tower 

House,  Tumham  Green. 
1873.  Donkin,  Bryan  (Life  Meniher),  Messrs.  B.  Donkin  and  Co.,  Southwark 

Park  Road,  Bermondsey,  London,  S.E. 
1891.  Donovan,  Edward  Wynne,  Messrs.   J.   S.  Leach  and  Co.,  Mount  Street 

Works,  Harpurhey,  Manchester. 

1865.  Douglas,  Charles  Prattman,  Thornbeck  Hill,  Carmel  Eoad,  Darlington. 
1879.  Douglass,   Sir  James  Nicholas,  F.R.S.,  Stella  House,  Dulwich,  London, 

S.E. 

1879.  Douglass,  William,  Chief  Engineer  to  the  Commissioners  of  Irish  Lights, 

Westmoreland  Street,  Dublin. 
1891.  Douglass,  William  James,  Messrs.  Douglass  Brothers,  Globe  Iron  Works, 

Blaydon-on-Tyne,  R.S.O.,  County  Durham. 
1887.  Douglass,     William     Tregartheu,     15    Victoria     Street,     Westminster, 

S.W. 
1857.  Dove,  George,  Messrs.  Cowans  Sheldon  and   Co.,  St.   Nicholas   Engine 

and  Iron  Works,  Carlisle ;  and  Viewfield,  Stanwix,  near  Carlisle. 

1873,  Dove,   George,    Redbouru  Hill   Iron   and   Coal   Co.,  Frodingham,   near 

Doncaster   [_Redhuurn,   Frodingham.'];    and   Hatfield  House,   Hatfield, 
near  Doncaster. 

1866.  Downey,   Alfred  C,   Messrs.   Downey  and   Co.,    Coatham    Iron  Works, 

Middlesbrough  ;  and  Belle  Vue,  Marton  Eoad,  Middlesbrough. 

1881.  Dowson,  Joseph   Emerson,   3   Great    Queen   Street,   Westminster,   S.W. 

\_Gaseous,  London.] 

1880.  Doxford,    Robert    Pile,    Messrs.    William    Doxford    and    Sons,    Pallion 

Shipbuilding  and  Engine  Works,  Sunderland. 

1874.  Dredge,  James,  35  Bedford  Street,  Strand,  London,  W.C.     [3663.] 

1890.  Drewet,   Tom,   Government   Senior  Inspector    of   Steam  Boilers,   Town 

Custom  House,  Bombay,  India. 
1886.  Drummond,  Dugald,  Messrs.  D,  Drummond  and  Son,  Glasgow  Railway 

Engineering    Works,    Helen    Street,    Govan,    Glasgow.      [^Expansion, 

Glasgoic.     1699.] 
1889.  Drummond,    Eichard    Oliver    Gardner,    P.O.    Box    92,    Johannesburg, 

Transvaal,  South  Africa. 

1877.  Diibs,  Charles  Ealph,  Messrs.  Diibs  and  Co.,  Glasgow  Locomotive  Works, 

Glasgow. 
1885.  Duckering,  Charles,  Water  Side  Works,  Eosemary  Lane,  Lincoln. 
1880.  Duckham,  Frederic  Eliot,  Engineer,  Millwall  Docks,  London,  E. 
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1868.  Dugard,    "William    Henry,   Messrs.   Dugard    Brothers,   Vulcan    Rolling 

Mills,    Bridge   Street    West,    Summer  Lane,   Birmingham.     IVulean, 

Birmingham.'] 
1879.  Duncan,   David    John    Russell,  Messrs.  Duncan    Brothers,   28  Victoria 

Street,  "Westminster,  S.W.     [Doucine,  London.l;  and  Kilmux,  Leven. 
1886.  Duncan,  Norman,  Mechanical  Engineer  to  the  Municipality,  Rangoon, 

British  Burmah,  India. 
1894.  Dunell,   George  Robert,  36  Bedford  Street,  Strand,  London,  "W.C. ;  and 

9  Grove  Park  Terrace,  Chiswick,  London,  "W. 
1892.  Dunlop,James,Victoria  Jubilee  Teclinical  Institute,  Byculla,  Bombay,  India. 
1870.  Dunlop,  James  "Wilkie,  39  Delancey  Street,  Regent's  Park,  London,  N.W. 
188L  Dunn,  Henry  "Woodham,  Charlcombe  Grove,  Lansdowu,  Bath. 
1890.  Dunn,  Hugh  Shaw,  Engineer,  Caprington  Collieries,  Kilmarnock. 

1885.  Durham,  Frederick  "William,  27  Leadenhall  Street,  London,  E.G.    [_Oilring, 

London.]  ;  and  Gleraham  Lodge,  Xew  Barnet. 

1886.  DuvaU,  Charles  Anthony,  Messrs.  E.  Benuis  and  Co.,  Lancashire  Stoker 

"U'orks,  Deansgate  Foundry,  Bolton. 

1887.  D3-mond,  George  Cecil,  Messrs.  "W.  P.  Thompson  and  Co.,  6  Lord  Street, 

Liverpool. 
1865.  Dyson,  Robert,  Messrs.  Owen  and  Dyson,  Bother  Iron  "Works,  Rotherham. 


1880.  Eager,  John  Edward,  Messrs.  "William  Crichton  and  Co.,  Engineering  and 

Shipbuilding  "Works,  Abo,  Finland. 
1869.  Eamshaw,  "William  Lawrence,  Superintending  Marine  Engineer,  South 

Eastern  Railway,  Folkestone. 
1858.  Easton,  Edward,  11  Delahay  Street,  "Westminster,  S."W. 
1884.  Eastwood,  Charles,  Manager,  Linacre  Gas  "Works,  Liverpool. 

1892.  Eastwood,  Thomas  Carline,  Messrs.  Eastwood  Swingler  and  Co.,  Victoria 

and  Railway  Iron  Works,  Derby.     [Swingler,  Derby.] 
1888.  Eaton-Shore,  George,  Borough  Engineer,  Temple  Chambers,  Crewe. 
1875.  Eaves,  William,  Engineer,  Messrs.  John  Brown  and  Co.,  Atlas  Steel  and 

Iron  Works,  SheflSeld. 
1878.  Eckart,  William  Roberts,  Messrs.  Salkeld  and  Eckart,  632  Market  Street, 

P.  O.  Box  1844,  San  Francisco,  California,  United  States. 
1868.  Eddison,   Robert  William,  Messrs.  John  Fowler  and  Co.,  Steam  Plough 

and  Locomotive  Works,  Leeds. 

1886.  Ede,  Francis  Joseph,  Messrs.  Ede  Brothers,  Silchar,  Cachar,  India. 

1893.  Eden,  The  Hon.  Francis  Fleetwood,  Los  Talleres  de  Sola,  Ferro  Carril  del 

Sud,  Buenos  Aires,  Argentine  Republic:  (or  Edenthorpe,  Doncaster.) 

1887.  Edlin,  Herbert  William,  P.O.  Box  199,  Cape  Town,  Cape  Colony :  (or  The 

Limes,  Ellerton  Road,  Surbiton,  R.  0.,  Kingston-on-Thames.) 
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I8S3.  Edmiston,    James    Brown,    Blariue    Superintending    Engineer,    Messrs. 

Hamilton  Eraser  and  Co.,  K  Exchange  Buildings,  Liverpool ;  and  Ivy 

Cottage,  Higbfield  Eoad,  Walton,  Liverpool. 
1871.  Edwards,  Edgar  James,  42  Rye  Hill  Park,  Peckham,  London,  S.E. 

1877.  Edwards,  Frederick,  62  Bishopsgate  Street  "Within,  London,  E.G. 

1888.  Ellery,  Henry  George,  7  Fernbank  Road,  Redland,  Bristol. 

1875.  Ellington,   Edward    Bayzaud,   Hydraulic    Engineering  Works,   Chester; 

and   Hydraulic  Engineering  Co.,   Palace  Chambers,  9  Bridge  Street, 

Westminster,  S.W. 
1892.  Elliott,  Archibald  Campbell,  D.Sc,  Professor  of  Engineering,  University 

College  of  South  Wales  and  Monmouthshire,  Cardiff. 

1883.  Elliott,  Henry  John,  Assistant   Manager,  Elliott's   Metal  Works,  Selly 

Oak,  near  Birmingham.     [Elmeco,  Birmingham.'] 
1869.  Elliott,  Henry  Wortoii,  Selly  Oak  Works,  near  Birmingham.     lElmeco, 

Birmingham.'] 
1882.  Elliott,  Thomas  Graham,  Messrs.  Fairbairn  Naylor  Macpherson  and  Co., 

Wellington  Foundry,  Leeds. 
1892.  Ellis,    Joseph    S.,    Central   Engineering    Works,   Chepstow    [Engineer, 

Chepstow.]  ;  and  Myrtle  Cottage,  Chepstow. 
1880.  Ellis,  Oswald  William,  6  Grosvenor  Place,  Jesmond,  Newcastle- on-Tyne. 

[Uobey,  Newcastle-on-Tyne.] 
1885.  Elsworthy,  Edward  Houtson,  Messrs.   Richardson  and  Cruddas,  BycuUa 

Iron  Works,  Bombay,   India;    and   Altamont   Road,   Cumbala    Hill, 

Bombay,  India. 
1875.  Elwell,  Thomas,  223  Avenue  de  Paris,  Plaine  St.  Denis,  Seine,  France. 

1878.  Elwin,  Charles,  London  County  Council,  Spring  Gardens,  London,  S.W. 

1890.  English,  Lt.-Colonel  Thomas,  General  Manager,  Palmer's  Shipbuilding 

and  Iron  Works,  Jarrow  IPalmers,  Jarroic]  :   (or  care  of  W.  Stamm, 
17  Billiter  Buildings,  Billiter  Street,  London,  E.G.) 

1891.  English,  Thomas  Matthew,  Superintendent,  Die  and  Coining  DL-partmeut, 

H.  M.  Mint,  Bombay,  India. 
1894.  Ennor,  Charles  John,  55  Rua  da  Rcboleira,  Oporto,  I'ortngal. 
1885.  Erriugton,   William,   Salisbury    Buildings,    Bourko    Street,    Melbourne, 

Victoria. 
1890.  Esson,  John,  Chatteris  Engineering  Works,  Chatteris,  8.0.,  Cambridgeshire. 

1889.  Etches,  Harry,  17  Napoleon  Street,  Brantford,  Ontario,  Canada. 

1884.  Etherington,  Jolm,  39a  King  William  Street,  Loudon  Bridge,  London, 

E.C. 
1887.  Evans,  Arthur  George,  Palace  Cliambers,  9  Bridge  Street,  Westminster, 

S.W. 
1884.  Evans,  David,  Messrs.  Bolckow  Vaughan  and  Co.,  Clevelnud  Iron  and 

Steel  Works,  South  Bank,  E.S.O.,  Yorkshire. 
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1892.  Evanson,   Fredei-ic    Macdonnell,   Engineer    and    Manager,    Manchester 

Corporation  Hydraulic  Pumping  Station,  Gloucester  Street,  Manchester. 
1887.  Everard,  John  Breedon,  6  Millstone  Lane,  Leicester. 
1887.  Everitt,  Nevill  Henry,   Messrs.  Thomas  Piggott  and  Co.,  Atlas  Works, 

Birmingham ;  and  Ai'dendale,  Knowle,  Warwickshire. 
1881.  Ewen,  Thomas   Buttwell,  Messrs.  Ewen  and  Mitton,  Smithiield  Works, 

Sherlock  Street,  Birmingham. 
1891.  Ewing,   James   Alfred,    F.R.S.,   Professor    of    Mechanism   and   Applied 

Mechanics,  Engineering  Department,  The  University,  Cambridge ;  and 

Langdale  Lodge,  Cambridge. 
1890.  Exton,  George   Gaskell,  Messrs.   Chubb  and   Son,   128   Queen  Victoria 

Street,  London,  E.C. 


1868.  Fairbairn,  Sir  Andrew,  Messrs.  Fairbairn   Naylor  Macphersou  and  Co., 
Wellington  Foundry,  Leeds ;  and  Askham  Richard,  York. 

1875.  Farcot,  Jean  Joseph  Le'on,   Messrs.   Farcot  and   Sons,   Engine    Works, 

13  Avenue  de  la  Gare,  St.  Ouen,  France. 

1880.  Farcot,  Paul,  Messrs.  Farcot  and  Sons,  Engine  Works,  13  Avenue  de  la 

Gare,  St.  Ouen,  France. 

1881.  Farrar,  Sidney  Howard,  Messrs.  Howard  Farrar  and  Co.,  Port  Elizabeth, 

South  Africa ;  and  care  of  Messrs.  F,  A.  Robinson  and  Co.,  54  Old  Broad 
Street,  London,  E.C. 

1882.  Fawcett,  Thomas  Coustantine,  AVhite  House  Engineering  Works,  Leeds. 

\_Faivcett,  Leeds.'] 
1882.  Feeny,  Victor  Isidore,  60  Queen  Victoria  Street,  London,  E.C.     IVictor 
Feeny,  London.'] 

1876.  Fell,  John  Corry,  1  Queen  Victoria  Street,  Loudon,  E.C. ;  and  Excelsior 

Works,  Old  Street,  London,  E.C. 

1869.  Fenwick,    Clenuell,    Victoria    Docks     Engine    Works,    Victoria    Docks, 

London,  E.     [Clennell,  Lotidon.] 
1892.  Fenwick,  James,  19  Bridge  Street,  Sydney,  New  South  Wales.     [1038.] 

1870.  Ferguson,     Henry    Tanner,    WoUeigh,    Bovey    Tracey,     near     Newton 

Abbot. 
1881.  Ferguson,  William,  Harbour  Board,  Wellington,  New  Zealand  :  (or  care  of 
Montgomery  Ferguson,  81  James  Street,  Dublin.) 

1866.  Fiddes,    Walter,     Clapton     Villa,    Belgrave     Road,     Tyndall's     Park, 

Bristol. 

1867.  Field,  Edward,  4  Trafalgar  Square,  London,  W.C. 

1888.  Field,  Howard,  12  London  Street,  Fenchurch  Street,  London,  E.C. 
1884.  Fielden,  Joseph  Petrie,  Messrs.  Thomas  Robinson  and  Son,  Railway  Works, 
Rochdale. 
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187i.  Fielding,     John,     Messrs.     Fielding     and     Piatt,     Atlas    Iron    Works, 

Gloucester.     [_Atlas,  Gloucester.'] 
1891.  Finlayson,  Finlay,  East  End  Villa,  Lugar  Street,  Coatbridge. 

1891.  Firth,  George  Henry,  2  Mavesyu  Place,  Fairfield,  Manchester. 

1888.  Fischer,  Gustave  Joseph,  Railway  Construction   Branch,  Public  Works 

Department,  Sydney,  New  South  Wales ;  and  Oakliurst,  West  Street, 
North  Sydney,  New  South  Wales. 

1889.  Fisher,    Henry    Bedwell,    Marine   Shops,  London  Brighton   and   South 

Coast  Railway,  Newhaven,  Sussex. 
1884.  Fisher,  Henry  Oakden,  Ty  Mynydd,  Radyr,  near  Cardiff. 
1888.  FitzGerald,  Maurice  Frederick,  Professor  of  Engineering,  Queen's  College, 

Belfast. 
1877.  Flannery,  James  Fortescuc,  9  Fenchurch  Street,  London,  E.C.     [2283.] 
1883.  Fletcher,  George,  Masson  and  Atlas  Works,  Litchurch,  Derby. 
1872.  Fletcher,  Herbert,  Ladyshore    Colliery,   Little  Lever,  Bolton;   and  The 

HoUins,  Bolton. 
1867.  Fletcher,  Lavington   Evans,   Chief  Engineer,   Manchester  Steam  Users' 

Association,  9  Mount  Street,  Albert  Square,  Manchester.     \_Steam  Users', 

Manchester.'] 

1892.  Focken,   Charles    Frederick,    Messrs.   Apcar    and   Co.,   Raddah    Bazar, 

Calcutta,  India ;  and  care  of  Institute  of  Engineers  and  Shipbuilders, 
Hong  Kong,  China. 
1859.  Fogg,  Robert,  159  Knight's  Hill,  West  Norwood,  London,  S.E. 

1887.  Foley,   Nelson,   Engineering    Manager,   Societa    Industriale    Napoletana 

Hawthorn-Guppy,  Naples,  Italy. 
1886.  Folger,  William  Mayhew,  Commander,  United  States  Navy,  Bureau   of 

Ordnance,  Naval  Department,  Washington,  D.C.,  United  States. 
1877.  Forbes,  Daniel  Walker,  Smithfield  Works,  New  Road,  Blackwall, London, E, 
1882.  Forbes,  David  Moncur,  Engineer,  H.  M.  Mint,  Bombay. 
1892.  Forbes,  Percy  Alexander,  Messrs.  Lambert  Brothers,  Tube  Mills,  Iron  and 

Brass  Works,  Walsall. 
1882.  Forbes,   William    George   Loudon    Stuart,    Superintendent    of    General 

Workshops,  H.  M.  Mint,  Calcutta. 
1892.  Forrest,  Hilary  Sheldon,  General  Manager,  Messrs.  Dobson  and  Barlow, 

Kay  Street  Machine  Works,  Bolton. 

1888.  Forster,  Alfred  Llewellyn,  Assistant  Engineer,  Newcastle  and  Gateshead 

^  Water  Works,  Newcastle-on-Tyne. 

1888.  Forster,  Edward  John,  Malta  Villa,  West  Smethwick,  Birmingham. 
1882.  Forsyth,  Robert  Alexander,  Courtway,  Gold  Tops,  Newport, Monmouthshire. 

1889.  Foster,  Ernest  Howard,  IMessrs.  Henry  R.  Worthingtou,  86  Liberty  Street, 

New  York,  United  States.         ; 
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1889.  Foster,  Herbert  Anderton  (Life  Member),  Messrs.  John  Foster  and  Son, 

Black  Dike  Spinning  Mills,  Queensbury,  near  Bradford. 
1888.  Foster,  James,  Lily  Bank,  St.  Andrew's  Drive,  Pollokshields,  Glasgow. 

1884.  Foster,  John  Slater,   Messrs.  Jones  and   Foster,  39  Bloomsbury  Street, 

Birmingham. 
1882.  Fothergill,    John     Eeed,     Consulting     Engineer,     Dock     Office,    West 

Hartlepool ;  and  1  Bathgate  Terrace,  West  Hartlepool. 
1877.  Foulis,  William,  Manager,  Glasgow  Corporation  Gas  Department,  City 

Chambers,  45  John  Street,  Glasgow. 

1885.  Fourn3%   Hector  Foster,   French    Chambers,   Queen's    Dock-Side,  Hull. 

[Veritas,  Hull.^ 
1866.  Fowler,  George,  Basford  Hall,  near  Nottingham. 
1847.  Fowler,  Sir  John,  Bart.,  K.C.M.G.,  2  Queen  Square  Place,  Westminster, 

S.AY. 
1894.  Fowler,  Kobert  Henry,  Messrs.  John  Fowler  and  Co.,  Steam  Plough  and 

Locomotive  AVorks,  Leeds.     IFoider,  Leeds.^ 
1885.  Fowler,  William  Henry,  6  Victoria  Station  Approach,  Manchester ;  and 

Calderbank  Avenue,  Flixton,  near  Manchester. 
1866.  Fox,  Sir  Douglas,  28  Victoria  Street,  Westminster,  S.W. 

1875.  Fox,  Samson,  Leeds  Forge,  Leeds. 

1884.  Framptou,   Edwin,    General    Engine  and    Boiler    Co.,    Hatcham    Iron 

Works,  Pomeroy  Street,   New  Cross   Eoad,   London,   S.E.     ^Oxygen, 
London.  8007.] 
1888.  Francken,    William    Augustus,    care    of    Messrs.     Grindlay    and    Co., 
55  Parliament  Street,  London,  S.W. 

1885.  Franki,  James  Peter,  Morts  Dock  and  Engineering  Co.,  Jklorts  Bay,  Sydney, 

New  South  Wales :  (or  care  of  Messrs.  Goldsbrough  Mort  and  Co.,  149 

Leadenhall  Street,  London,  E.G.) 
1877.  Eraser,  John  Hazell,  Messrs.  John  Fraser  and  Son,Mill^vall  Boiler  Works, 

London,  E. ;  and  110  Cannon  Street,  London,  E.C. 
1888.  Frenzel,  Arthur  Benjamin,  318  W.  135th  Street,  New  York,  United  States. 
1891.  Frier,  John  Drummond,  Ivy  Villa,  6  Griffin  Koad,  Plumstead. 

1876,  Frost,  William,  Manager,  Carlisle  Steel  and  Engine  Works,  Sheffield;  and 

Barnsley  Pioad,  Sheffield. 
1866.  Fry,  Albert,  Bristol  Wagon  Works,  Lawrence  Hill,  Bristol, 
1891.  Fuller,  Charles  Frederick,  171  Queen  Victoria  Street,  London,  E.C. 
1884.  Fumess,  Edward,  Knollcroft,  Knoll  Eoad,  Bexley,  S.O.,  Kent. 

1890.  Gadd,  William,  Assistant  Locomotive  Engineer,  Waterford  and  Limerick 

Eailway,  Limerick. 
1866.  Galloway,  Charles  John,  Managing  Director,  Messrs.  Galloways,  Knott 

Mill  Iron  Works,  Manchester.     [Galloway,  Manchester.'] 
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1862.  Galton,  Sir  Douglas,  K.C.B.,  D.C.L.,  F.R.S.,  12  Chester  Street,  Grosvenor 

Place,  London,  S.W. 
1SS4.  Ganga     Ram,     Eai     Bahadur,     Executive     Engineer,     Public    Works 

Department,  Amritsar,  Punjaub,  India :   (or  care  of  Messrs.  Thomas 

Wilson  and  Co.,  24  Rood  Lane,  London,  E.C.) 
1891.  Garrard,  Charles  Riley,  Usine  Gladiator,  Pre'  St.  Gervais  (Seine),  France. 

1882.  Garrett,  Frank,  Messrs.  Richard  Garrett  and  Sons,  Leistou  Works,  Leiston, 

R.S.O.,  Suffolk.     IGarreit,  Leiston.-] 
1894.  Gatehouse,  Tom  Ernest,  22  Paternoster  Row,  London,  E.C.     \_A(jeel:aij, 

London.] 
1867.  Gauntlett,  William  Henry,  33  Albert  Terrace,  Middlesbrough.    [Fyrometer, 

Middlesbrough.'] 
1888.  Gaze,  Edward  Henry  James,  4  Victoria  Drive,  Mount  Florida,  Glasgow. 

1888.  Geddes,    Christopher,   2a    Drury    Buildings,    Water    Street,    Liverpool. 

[Graccius,  Liverpool.] 
1880.  Geoghegan,  Samuel,  Messrs.  A.  Guinness  Son  and  Co.,  St.  James'  Gate 

Brewery,  Dublin.     \_Guinness,  Dublin.] 
1887.  Gibb,  Andrew,  Managing  Engineer,  Messrs.  Rait  and  Gardiner,  Millwall 

Docks,  London,  E. ;  and  30  South  Street,  Greenwich,  London,  S.E. 
1871.  Gibbins,    Richard    Cadbury,    Berkley    Street,    Birmingham.       \_Gibbins, 

Birmingham.] 

1883.  Gilchrist,  Percy  Carlyle,  F.R.S.  {Life  Member),  Palace  Chambers,  9  Bridge 

Street,  Westminster,  S.W.     [Gilchrist,  London] ;   and    Frognal   Bank, 
Finchley  New  Road,  Hampstead,  London,  N.W. 
1856.  Gilkes,  Edgar,  Westholme,  Grange-over-Sands,  via  Carnforth,  Lancashire. 

1880.  Gill,  Charles,  Messrs.  Young  and  Gill,  Engineering  Works,  Java;    and 

Java  Lodge,  Beckenham. 

1889.  Gill,  Frederick  Henry,  Messrs.  Alexander  Penney  and  Co.,  107Fenchurch 

Street,  London,  E.C. 

1884.  Gimson,  Arthur  James,  Messrs.  Gimson  and  Co.,  Engine  Works,  Vulcan 

Street,  Leicester.     ^Gimson,  Leicester.    6.] 

1881.  Girdwoo'd,  William  Wallace,  Indestructible  Packing  Works,  9  Lea  Place, 

East  India  Dock  Road,  Poplar,  London,  E. 
1874.  Gjers,    John,     IMessrs.    Gjers    Mills    and    Co.,   Ayresome    Iron   Works, 
Middlesbrough. 

1887.  Gledhill,  Manassah,  Sir  Joseph  Whitworth  and  Co.,  Openshaw,  Manchester. 
1880.  Godfrey,  William  Bernard,  23  St.  Swithin's  Lane,  London,  E.G. 

1888.  Goff,  Jolin,  Messrs.  Salt  and  Co.,  The  Brewery,  Burton-on-Trent. 

1882.  Goldsmith,  Alfred  Joseph,  Lillington,  Moray  Street,  New  Farm,  Brisbane, 

Queensland. 
1877.  Goodbody,  Robert,  Messrs.  Goodbody,  Clashawaun  Jute  Factory,  Clara, 
near  IMoatc,  Ireland. 
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1869.  Goodeve,  Thomas  ilincbin,  5  Crown  OiBce  Row,  Temple,  London,  E.G. 

1875.  Goodfellow,  George  Ben,  Messrs.  Goodfellow  and  Matthews,  Hyde  Iron 

Works,  Hyde,  near  Manchester.     \_Goodfelloio,  Hyde.'] 
1890.  Goodman,  John,  Professor  of  Engineering,  Yorkshire  College,  Leeds. 

1889.  Goold,   William   Tom,   39   Queen  Victoria  Street,   London,   E.G.;    and 

The  Glen,  Gorst  Road,  Wandsworth  Common,  London,  S.W. 
1865.  Goransson,  Goran  Fredrick,  Sandvik  Iron  Works,  near  Gefle,  Sweden:  (or 
care  of  James  Bird,  118  Cannon  Street,  London,  E.G.) 

1887.  Gordon,  Alexander,  Niles  Tool  Works,  and  IMessrs.  Gordon  and  Maxwell, 

Hamilton,  Ohio,  United  States. 

1888.  Gore,   Arthur    Saunders,   Sherborne    Metal    Works,    Sherborne    Street, 

Birmingham. 

1879.  Gorman,  WilUam  Augustus,  Messrs.  Siebe  and  Gorman,  187  Westminster 

Bridge  Eoad,  London,  S.E.     [Siehe,  London.'] 

1880.  Gottschalk,  Alexandre,  13  Rue  Auber,  Paris. 

1877.  Goulty,  Wallis  Rivers,  Messrs.  Wheatley  Kirk,  Price,  and  Goulty,  Albert 

Chambers,  Albert  Square,  Jlancbester.     [Indicator,  Manchester.] 

1887.  Gouriay,  Charles  Gershom,  Messrs.  Gourlay  Brothers  and  Co.,  Dundee 

Foundry,  Dundee. 

1890.  Grace,  Robert  William,  Colorado   Fuel  and  Iron  Co.,  Pueblo,  Colorado, 

United  States. 

1878.  Grafton,  Alexander,  Yulcan  Works,  Bedford.     [Grafton,  Bedford.] 

1886.  Grant,  Percy,  Sola  Works,  Ferro  Carril  del  Suil,  Buenos  Aires,  Argentine 
Republic  :  (or  care  of  John  M.  Grant,  136  Sutherland  Avenue,  Maida 
Vale,  London,  W.) 

1891.  Gray,  George  Macfarlane  {Life  Member),  Imperial  Chinese  Customs,  Hong 

Kong,  China;  and  1  Claremont  Road,  Forest  Gate,  London,  E. 
1865.  Gray,  John  Macfarlane,  Chief  Examiner  of  Engineers,  Marine  Department, 
Board  of  Trade,  79  Mark  Lane,  London,  E.C. ;  and  1  Claremont  Road, 
Forest  Gate,  London,  E.     [Yarg,  London.] 

1876.  Gray,  John  William,  Engineer,  Corporation  Water  Works,  Broad  Street, 

Birmingham. 

1879.  Gray,  Thomas  Lowe,   Lloyd's   Register,  2  White   Lion   Court,  Cornhill, 

London,  E.C. ;  and  21  St.  Michael's  Road,  Stockwell,  London,  S.W. 
1879.  Greathead,  James  Henry,  15  Victoria  Street,  Westminster,  S.W. 
1861.  Green,  Sir  Edward,  Bart.,  Messrs.  E.  Green  and   Son,  Phoenix  Works, 

Wakefield. 

1888.  Green,  Henry  Joseph  Kcrsting,  ilcssrs.  Barry  and  Co.,  5  Lyons  Range, 

Calcutta,   India ;     13    Garden  Reach,   Calcutta,  India :    (or    care  of 
Messrs.  J.  B.  Barry  and  Son,  110  Cannon  Street,  London,  E.C.) 
1893.  Green,  William  Penrose,  Messrs.  Thomas  Green  and  Son,  Smithfield  Iron 
Works,  Leeds. 
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1871.  Greener,  John  Henry,  15  Walbrook,  London,  E.G. 

1878.  Greenwood,    Arthur,    Messrs.   Greenwood    and    Batley,    Albion   Works, 

Leeds. 
1874.  Greenwood,  William  Henry  {Life  Member),  Birmingham  Small  Arms  and 

Metal  Co.,  Adderley  Park  Works,  Birmingham. 
1894.  Gregory,  Horace  Mark,  Messrs.  Brown,  Lenox  and  Co.,  9  Martin's  Lane, 

Cannon  Street,  London,  E.G. 

1879.  Grenville,  Eobert  Neville,  Butleigh  Court,  Glastonbury. 

1892.  Gresham,  Harry  Edward,   Messrs.  Gresham  and   Craven,  Craven   Iron 
Works,  Salford,  Manchester.    [^BraJce,  Manchester.     613.] 

1880.  Gresham,   James,  Messrs.   Gresham  and   Craven,   Craven    L"on  Works, 

Salford,  Manchester.     [Brahe,  Manchester.     613.] 

1883.  Grew,  Frederick,  Halton,  90  Kitlierdon  Road,  Upper  Tooting,  London, 

S.W. 
1874.  Grew,  Nathaniel,  Dashwood  House,  9  New  Broad  Street,  London,  E.G. 

1884.  Griffiths,  James  E.,  Messrs.  Griffiths  and  James,  2  Bute  Crescent,  Cardiff. 
1873.  Griffiths,   John   Alfred,   Shirecliffe,   New   South   Head  Road,   Sydney, 

New    South  Wales :    (or  care  of  Thomas   Griffiths,   Alderley  Edge, 

Manchester.) 
1889.  Grimshaw,  James    Walter,  Resident    Engineer,   Harbours    and    Rivers 

Department,  Sydney,  New  South  Wales  ;  and  Australian  Club,  Sydney, 

New  South  Wales. 
1891.  Groom,  Richard  Alfred,  Shropshire  Works,  Wellington,  Salop. 
1879.  Grose,    Arthur,    Messrs.    Grose    Norman    and    Co.,    Reliance    Works, 

Northampton. 
1886.  Grove,  David,  24  Friedrich  Strasse,  Berlin. 
1870.  Guilford,  Francis  Leaver,  Messrs.  G.  R.  Cowen   and    Co.,  Beck  Works, 

Brook  Street,  Nottingham.   [Coicen,  Nottingham.    87.] 
1884.  Gulland,  James  Ker,  Diamond  Drill  Co.,  8  Victoria  Street,  Westminster, 

S.W.     {^Gulland,  London.'] 
1886.  Guy,  Charles  Williams,  123  Oakfield  Road,  Penge,  London,  S.E. 
1870.  Gwynne,  James  Egliiiton  Anderson  (^Life  Member),  Brooke  Street  Works, 

Holborn,  London,  E.G.     \_Gioynnegram,  London.'] 
1870.  Gwynne,  John,  Hammersmith  Iron  Works,  Hammersmith,  London,  W.  ; 

and  89  Gannon  Street,  London,  E.G. 

1888.  Hadfield,  Robert  Abbott,  Hecla  Foundry  Steel  Works,  Sheffield.    [Hadfield, 

Sheffield.] 
1894.  Haigh,  Noel  Newall,  Messrs.  W.  B.  Haigh  and  Co.,  Globe  Iron  Works, 

Plane  Street,  Oldham. 
1884.  Hall,  Albert  Francis,  George  F.  Blake  Manufacturing  Co.,  Ill  Federal 

Street,     Boston;      and     3     Cordis     Street,     Charlestown,     Boston, 

Massachusetts,  United  States. 
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1892.  Hall,  George  Edward,  Mechanical  Superintendent,  Lighting  Department, 
Salford  Corporation,  Wilburn  Street,  Salford,  Manchester. 

1894.  Hall,  Henry  Piatt,  Messrs.  Piatt  Brothers  and  Co.,  Hartford  New  Works, 
Oldham. 

1879.  Hall,  John  Francis,  Norbury,  Pittsmoor,  Sheffield. 

1881.  Hall,  John  Percy,  Managing  Director,   Messrs.   John    Penn   and   Sons. 
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1894.  Humpidge,  James   Dickerson,    Messrs.    Humpidge,   Holborow  and  Co., 
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1881.  Jones,    Herbert    Edward,   Locomotive    Department,    Blidland    Eailway, 

Manchester. 


xlviii  MEMBERS.  1894. 

1890.  Jones,  Morlais  Glasfryn,  G  Delabaj-  Street,  "Westminster,  S.W. 

1882.  Jones,  Samuel  Gilbert,  Hatherley  Court,  Gloucester. 

1887.  Jones,  Thomas,  Central  Board  School,  Deansgate,  Manchester. 

1872.  Jones,  William  Eichard  Sumption,  Whitehall  Court,  London,  S.W. 

1883.  Jordan,  Edward,  Manager,  Cardiff  Junction  Dry  Dock  and  Engineering 

Works,  Cardiff. 

1891.  Jordan,    Henry    George,    Jun.,  Municipal    Technical    School,   Princess 
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45  Finsbury  Circus,  London,  E.G. ;  and  29  Lupus  Street,  St.  George's 
Square,  Loudon,  S.W. 

1892.  Kennedy,  Thomas,  The  Glenfield  Engineering  Works,  Kilmarnock. 
1868.  Kennedj',  Thomas  Stuart,  Parkhill,  Wetherby. 
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1879.  Lapage,  Richard  Herbert,  Elmwood,  Surbiton,  London,  S.W. 
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1894.  Longridge,  Captain    Cecil    Clement,    Managing   Director,  Axle-box  and 
Foundrj-     Co.,    Central     Works,    Saltley,    Birmingham.       [^Beuthers, 
Birmingham.^ 

1880.  Longridge,  Michael,  Chief  Engineer,  Engine  and  Boiler  Insurance  Co., 

12  King  Street,  Manchester. 
1S5G.  Longridge,  Robert  Bewick,  Managing  Director,  Engine  and  Boiler  Insurance 

Co.,  12  King  Street,  Manchester ;  and  Yew  Tree  House,  Tabley,  near 

Knutsfoid. 
]  S75.  Longridge,  Robert  Charles,  Kilric,  Knutsford. 
1S80.  Longworth,   Daniel,   care   of   i\Iessrs.   Finlay  Muir  and   Co.,   Calcutta, 

India. 

1887.  Lon-ain,   James  Grieve,  Norfolk  House,  Norfolk  Street,   London,  W.C. 

[^Lorrain,  London.'\ 

1888.  Low,  David  Allan,  Head   Master,  The  People's  Palace  Day  Technical 

School,  Mile  End  Road,  London,  E. 
1861.  Low,  George,  Bishop's  Hill  Cottage,  Ipswich. 

1885.  Low,  Robert,  Powis  Lodge,  Vicarage  Park,  Plumstead. 
1884.  Lowcock,  Arthur,  Colehara  Foundry,  Shrewsbury. 

1884.  Lowdon,  John,  General  Manager,  Barry  Graving  Dock  and  Engineering 
Co.,  Exchange  Buildings,  Cardiff.     \_Bardoch,  Cardiff.'] 

1891.  Lowdon,  Thomas,  Kingsland  Crescent,  Barry  Docks,  B.O.,  near  Cardiff. 
1873.  Lowe,  John  Edgar,  Messrs.  Boiling  and  Lowe,  2  Laurence  Pountney  Hill, 

London,  E.G.     [Bird,  London.     1530.] 
1873.  Lucas,  Arthur,  27  Bruton  Street,  New  Bond  Street,  London,  W. 

1889.  Lucy,  Arthur  John,  9  Princess  Square,  Plymouth. 

188G.  Lucy,  William  Theodore,  care  of  Frank  Hudson,  Central  Unignay 
Railway,  Monte  Video,  Uruguay:  (or  Thornleigh,  Woodstock  Road, 
Oxford.) 
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1877.  Lupton,  Arnold,  Professor  of  Mining  Engineering,  Yorkshire  College, 

Leeds ;  and  6  De  Grey  Road,  Leeds.     [Arnold  Lupton,  Leeds.    330.] 

1887.  Lupton,   Kenneth,   Messrs.   K.   and  H.  Lupton,  Well   Street,  Coventry. 

[Liqjto7is,  Coventry.     77.] 

1878.  Lynde,  James  Henry,  Buckland,  Ashton-on-Mersey,  near  Manchester. 

1889.  Macallan,  George,  Works  Manager,   Great  Eastern    Eailway,   Stratford 

Works,  London,  E. 

1890.  Macan,  Richard  Thompson,  Dawlish  House,  Willesden,  London,  N.W. 
1892.  Machean,   John   James,   Messrs.   Howarth   Erskine   and  Co.,  Singiipore, 

Straits  Settlements. 

1888.  Macbeth,  John  Bruce  King,  44  Tamarind  Lane,  Bombay,  India  :  (or  care 

of  Norman  Macbeth,  Heaton,  Bolton.) 

1883.  Macbeth,  Norman,  Messrs.  John  and  Edward  Wood,  Victoria  Foundry, 

Bolton. 

1884.  MacCartliy,  Samuel,  Messrs.  Lloyd  and  Lloyd,  90  Cannon  Street,  London, 

E.G. ;  and  18  Adelaide  Road,  Brockley,  London,  S.E. 
1877.  MacColl,  Hector,  Strandtown,  Belfast. 

1889.  Macdonald,  James  Alexander,  Broad  Oaks  Iron  Works,  Chcstorfield. 
1892.  Machado,   Dr.    Antonio    Augusto,   Manager,   Companhia  IMetropolitana, 

l^ngineering  and  Boiler  Woiks,  Bahia,  Brazil :  (or  care  of  Messrs.  Heuscr 
Humble  and  Co.,  1   Fowkes  Buildings,  Great  Tower  Street,  London, 
E.C.) 
1892.  Mackay,   Charles   O'Keefo,     Locomotive   Department,    Lanca.sliire    and 
Yorkshire  Railway,  Horwich,  near  Bolton. 

1890.  Mackay,  Joseph,  Bangkok  Dock  Co.,  Bangkok,  Slam :  (or  care  of  Messrs. 

John  Birch  and  Co.,  10  Queen  Street  Place,  London,  E.C.)    [Maclay, 
Banghok.'] 

1885.  Mackenzie,  John  William,  Messrs.  Wheatley  and  Mackenzie,  40  Chancery 

Lane,  London,  W.C. ;   and  Northfield,  Oxford  Road,  Upper  Teddington , 

S.O.,  Middlesex. 
1894.  ]\Iackie,  John,  165  King's  Road,  Reading. 
1875.  Maclagan,    Robert,   Blantyre,   British   Central  Africa :    (or   care  of  Dr. 

MacLigan,  9  Cadogan  Place,  Belgrave  Square,  London,  S.W.) 
1889.  MacLay,  Alexander,  Professor  of  Mechanical  Engineering,  Glasgow  and 

West  of  Scotland  Technical  College,  38  Bath  Street,  Glasgow. 
188G.  MacLean,  Alexander  Scott,  Messrs.  Alexander  Scott  and  Sons,   Sugar 

Refinery,  Berry-yards,  Greenock ;  and  31  Bank  Street,  Greenock. 
1877.  MacLellan,   John    A.,  Messrs.    Alley  and    ]\IacLellan,   Sentinel   Works, 

Polmadie  Road,  Glasgow.     [Alhy,  GhiKgow.     673.] 
1888.  Macleod,  Arthur  William,  Schwebo  Mining  Syndicate,  Kyouk  ]Myoung 

Post  Office,  Upper  Burmah. 
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1864.  Macnab,  Archibald  Francis,  Tokyo,  Japan. 

1884.  Macpherson,  Alexander  Sinclair,  Messrs.  Fairbairn  Naylor  Macpberson 

and  Co.,  Wellington  Foundry,  Leeds. 
1892.  Mactear,     James,    F.E.S.E.,    28    Victoria     Street,     Westminster,    S.W. 

[Celestine,  London.    3066.] 
1879.  Maginnis,  James  Porter,  9  Carteret  Street,  Queen  Anne's  Gate,  Westminster, 

S.W.     IJames   Maginnis,   London;  and  Offsett,  London.'] 
1891.  Mabon,   Reginald    Henry,   Captain  E.A.,   Superintendent,   H.   M.  Shell 

Factory,  Cossipore,  Calcutta,  India. 
1873.  Mair-Rumley,  John  George  (Life  Member),  Messrs.  Simpson  and  Co.,  Engine 
Works,    101    Grosvenor    Eoad,    Pimlico,   London,    S.W.      [Aquosity, 
London.'] 
1884.  Mais,  Henry  Coathupe,  2  Prell's  Buildings,  Collins  and  Queen  Streets, 

Melbourne,  Victoria. 
1883.  Malan,  Ernest  de  Me'rindol,  Signal  and   Telegraph   Department,   Hull 
Barnsley  and  West  Riding  Junction  Railway  and  Dock  Co.,  Alexandra 
Dock,  Hull.     {^Engineer,  Deepdoclc,  Hull.     Nat.  106.] 
1879.  Malcolm,    Bowman,    Locomotive   Superintendent,   Belfast   and   Northern 

Counties  Railway,  Belfast. 
1891.  Manisty,  Edward,  Dundalk  Iron  Works,   Dundalk,  Ireland;    and  24a 

Bryanston  Square,  London,  W. 
1894.  Mann,   J^mes  Hutchinson,  Messrs.   Mann  and   Charlesworth,   Canning 

Works,  Dewsbury  Road,  Leeds.     \_Canning,  Leeds.     1335.] 
1888.  Mano,  Bunji,  Professor  of  Mechanical  Engineering,  Imperial  University, 

Tokyo,  Japan. 
1875.  Mansergh,  James,  5  Victoria  Street,  Westminster,  S.W. 
1894.  Mansfield,  Edwin,  Messrs.  Edwin  Mansfield  and  Sons,  140  Great  Clowes 

Street,  Broughton,  Mancheste)'.     [Gaslight,  Manchester.] 
1891.  Manson,  James,  Locomotive  Superintendent,  Glasgow  and  South  Western 

Railway,  Kilmarnock. 
1862.  Mappin,  Sir  Frederick  Thorpe,  Bart.,  M.P.,  Messrs.   Thomas  Turton  and 

Sons,  Sheaf  Works,  Sheffield:  and  Thornbury,  Sheffield. 
1878.  Marie',  Georges,  Inge'nieur  Chef  de  Division,  Chemins  de  fer  de  Paris  a 
Lyon  et  a  la  Me'diterranec,  7  Rue  du  Clos  d'  Orle'ans,  Fontenay-sous- 
Bois,  Seine,  France. 
1891.  Marks,  Edward  Charles  Robert,  13  Temple  Street,  Birmingham. 
1888.  Marks,    George    Croydon,   13    Temple    Street,    Birmingham.     [Pumps, 

Birmingham.] 
1884.  Marquand,    Augustus   John,   2   Dock   Chambers,  Bute   Docks,   Cardiff. 

[Martial,  Cardif.] 
1887.  Marriott,  William,  Engineer  and  Locomotive  Superintendent,  Midland  and 
Great  Northern  Joint  Railways,  Melton  Constable,  Norfolk. 
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1887.  Marsden,  Benjamin,  Messrs.  S.  Marsden  and   Son,  Screw-Bolt   and  Nut 

Works,  London  Eoad,  ISIanchester. 
1871.  Marsh,  Henry  William,  Winterbourne,  near  Bristol. 
1875.  Marshall,    llev.     Alfred    {Life    Memher),    The    Vicarage,    Feckenham, 

Redditch. 
18G5.  Marshall,  Francis   Carr,  Messrs.  E.  and  W.  Hawthorn  Leslie  and  Co., 

St.  Peter's  Works,  Newcastle-on-Tyne. 
1890.  Marshall,  Frank  Herbert,  Ormesby  Iron  Works,  Middlesbrough. 
1885.  Marshal],  Henry  Dickenson,  Messrs.  Marshall  Sons  and  Co.,  Britannia  Iron 

Works,  Gainsborough.     [^Marshalls,  Gainsborough.     6648.] 
1871.  Marshall,  James,  Messrs.  Marshall  Sons  and  Co.,  Britannia  Iron  Works, 

Gainsborough.     [_Marslialls,  Gainshorough.     6648.]  ' 

1885.  Marshall,  Jenner  Guest,  Messrs.  Chance  Brothers  and  Co.,  Glass  Works, 

near  Birmingham ;  and  Westcott  Barton  Manor,  Oxfordshire. 
1877.  Marshall,   William    Bayley,    Richmond    Hill,   Edgbaston,    Birmingham. 

[Augustus,  Birmingham.^ 
1847.  Marshall,  William    Prime,    Richmond    Hill,    Edgbaston,    Birmingham. 

^Augustus,  Birmingham.'] 
1859.  Marten,EdwardBindon,Pedmore,  Stourbridge.  lMarten,Stourhridge.  8504.] 

1881.  Martin,  Edward  Pritchard,  Dowlais  Iron  Works,  Dowlais. 

1888.  Martin,  Henry  James,  Tresleigh  House,  Walters  Road,  Swansea, 

1889.  Martin,  The    Hon.   James,    Messrs.    James    Martin    and    Co.,   Phoenix 

Foundry,    Gawler,    South  Australia :     (or    care    of   J.    C.    Lanyon, 
27  Gresham  House,  Old  Broad  Street,  London,  E.C.) 

1892.  Martin,  Thomas  George,   Messrs.  James    McGowan  and   Co.,  Wapping 

Wall,  London,  E. 

1886.  Martin,   William  Hamilton,  Engineering   Manager,   The   Scheldt  Royal 

Shipbuilding  and  Engineering  Works,  Flushing,  Holland. 

1882.  Martindale,  Warine  Ben  Hay,  38  Parliament  Street,  Westminster,  S.W.  ; 

and  Overfield,  Bickley,  R.S.O.,  Kent. 
1882.  Masefield,  Robert,  14  Markham  Square,  Chelsea,  London,  S.W. 
1884.  Massey,  George,  Post  Office  Chambers,  Pitt  Street,  Sydney,  New  South 

Wales. 

1890.  Massey,  Stephen,  Messrs.  B.  and  S.  Massey,  Openshaw,  Manchester. 

1893.  Massey,  William  Henry,  25  Queen  Anne's  Gate,  Westminster,  S.W. ;  and 

Twyford,  R.S.O.,  Berkshire. 
1892.  Masterton,  John  Eraser,  Locomotive  Department,  South  Eastern  Railway, 
Ashford,  Kent. 

1894.  Mather,  George  Radford,  Messis.  G.  R.  Mather  and  Son,  Albion  Fountlry, 

Wellingborough.     [il/«</ter,  Wellingborough.] 
1807.  Mather,  William,  IM.P.,  Messrs.  Matlicr  and  Piatt,  Salford  Iron  Works, 
Manchester.    [_M((ther,  Manchester.'] 
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1883.  Mather,  William  Penn,  Queen  Dyeing  Co.,  Providence,   Kliode   Island, 

United  States. 
1882.  Matheson,  Henry   Crlpps,   Enfield,   Sunny   Gardens,   Hendon,   London, 

N.W. 
1891.  Mathewson,    Jeremiah   Eugene,   Tilghman's  Sand-Blast   Co.,   Bellcfield 

Works,  Bellefield  Lane,  Sheffield. 
1886.  Matthews,  Eobert,  Parrs  House,  Heaton  Mersey,  near  Manchester. 
1875.  Blattos,  Antonio  Gomes  de,  Messrs.  Maylor  and  Co.,  Engineering  Works, 

136   Rua  da  Sande,  Rio  de  Janeiro,  Brazil :  (or  care  of  Messrs.  Fry 

Miers  and   Co.,  Suffolk  House,  5   Laurence   Pountney  Hill,  London, 

E.C.) 
1853.  Maudslay,  Henry  (Life  Member),  Westminster  Palace  Hotel,  4  Victoria 

Street,  Westminster,  S.W. :  (or  care  of  John  Barnard,  47  Lincoln's  Inn 

Fields,  London,  W.C.) 
1893.  Maunsell,  Richard  Edward  Lloyd,  Locomotive  Department,  East  Indian 

Railway,    Jamalpur,   Bengal,  India:     (or    care    of    John    Maunsell, 

Edcnraore,  Raheny,  Co.  Dublin.) 

1873.  Maw,  William  Henry,  35  Bedford  Street,  Strand,  London,  W.C.     [3663.] 

1884.  Maxim,  Hiram  Stevens,  Maxim  Nordenfelt  Guns  and  Ammunition  Co., 

32  Victoria  Street,  Westminster,  S.W. 
1859.  Maylor,  William,  Chesterleigh,  Albemarle  Road,  Beckenham. 

1874.  McClean,  Frank,  Norfolk  House,  Norfolk  Street,  Strand,  London,  W.C. 

1891.  McCredie,  Arthur  Latimer,  250  Pitt  Street,  Sydney,  New  South  Wales. 

[Ebony,  Sydney.     63.] 

1892.  McDonald,  John,  Locomotive   Works,   Imperial  Government   Railways, 

Tokyo,  Japan. 
1878.  McDonald,  John  Alexander,  Assistant  Engineer  for  Roads  and  Bridges, 

Public  Works  Office,  Sydney,  New  South  Wales  :   (or  care  of  James 

E.  IMcDonald,  4  Chapel  Street,  Cripplegate,  London,  E.C.) 
1865.  McDonnell,    Alexander,    28     Victoria     Street,  Westminster,  S.W. ;   and 

The  Cedars,  Norwood  Green,  Southall. 

1891.  McFarlane,  George,  Sun  Insurance  Buildings,  121  West  George   Street, 

Glasgow.     [Dunsloy,  Glasgoio.     3777.] 
881.  McGregor,  Josiah,  Crown  Buildings,  78  Queen  Victoria  Street,  London,  E.C. 
[SaMh,  London?^ 

1892.  McGregor,  Peter  (Life  Mernher),  Imperial  Maritime   Customs,  Kowloon, 

Hong  Kong,  China. 
1892.  Mcintosh,  William  Forbes,  Messrs.  Douglas  Lapraik  and  Co.,  Hong  Kong, 

China. 
1889.  Mclutyre,  John  Henry  A.,  Lecturer  on  Mechanical  Engineering,  Allan 

Glen's  School,  Glasgow. 
1881.  McKay,  John,  13  Grey  Street,  Newcastle-on-Tyne;  and  IS  Nortlmmberland 
ourt,  Newcastle-on-Tyne. 
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1880.  McLacblan,    John,   Messrs.   Bow   McLacblan    and   Co.,  Thistle   Engine 

Works,  Paisley.      IBow,  Paisley.'] 
1888.  McLaren,  Henry,  Messrs.  J.  and  H.  McLaren,  Midland  Engine  Works, 

Leeds. 
1882.  McLaren,  Raynes  Lauder,  22  George  Street,  Hanover  Square,  London,  W. 
1888.  McLarty,  Farquhar  Matheson,  Penaug  Foundry,  Peuang :   (or    care    of 

William  Bow,  Thistle  Engine  Works,  Paisley.)     [McLarty,  Penaiig.] 
1885.  McXeil,  John,   Messrs.   Aitken  McNeil  and   Co.,  Helen   Street,  Govan, 

Glasgow.     [Colonial,  Glasgoio.'] 
lS9i.  McQueen,  John,  Messrs.   John  Hetherlngton  and  >Sons,  Vulcan  Works, 

Pollard  Street,  Manchester. 
1891.  Meade,    Thomas    de    Courcy,  Town  Hall,  MacchestBr;    and  Kenmore, 

Didsbury,  Manchester. 
1882.  Meats,  John  Tempest,  Mason  Machine  Works,  Taunton,  Massachusetts, 

United  States. 

1881.  Meik,    Charles    Scott,    care    of    P.   Walter    Meik,    16  Victoria   Street, 

Westminster,  S.W. 
1858.  Meik,  Thomas,  13  Newbattle  Terrace,  Edinburgh. 

1887.  Melhuish,  Frederick,  Assistant  Engineer,  South wark  and  Vauxhall  Water 

Works,  Southwark  Bridge  Eoad,  London,  S.E. 
1891.  Melville,   William  Charles,   Superintendent  Engineer,   Liverpool   Steam 
Tug  Co.,  44  Chapel  Street,  Liverpool. 

1888.  Melville,  AVilliam  Wilkie,  151  Burngreave  Road,  Sheffield. 
1878.  Menier,  Henri,  56  Rue  de  Chateaudun,  Paris. 

1876.  Menzies,  William,  Messrs.  Menzies  and  Co.,  50  Side,  Newcastle-on-Tyne. 

IWilUam  Menzies,  Newcastle-on-Tyne.     G.P.O.  200.     Nor.  Bis.  1144.] 
1894.  Merrick,  Robert,  Warren's  Place  Iron  Works,  Cork. 
1875.  Merry  weather,   James   Compton,  Messrs.  Merry  weather  and   Sons,  Fire- 

Engine  Works,  Greenwich  Road,  London,  S.E. ;  and  63  Long  Acre, 

London,  W.C.     [Merryweather,  London.'] 
1891.  Metcalfe,  Frederick  Spencer,  Pumping  Station,  Sewage  Works,  Burton- 

on-Trent. 
1881.  Meysey-Thompson,  Arthur  Herbert,  Messrs.  Hathorn  Davey  and  Co.,  Sun 

Foundry,  Dewsbury  Road,  Leeds. 

1877.  Michele,  Vitale  Doraenico  de,  14  Delahay  Street,  Westminster,  S.W. ;  and 

Higham  Hall,  Rochester. 
1884.  Middleton,  Reginald  Empson,  17  Victoria  Street,  Westminster,  S.W. 
1891.  Middleton,  Robert,  Sheepscar  Foundry,  Leeds. 
1891.  Middleton,  Robert  Thomas,  Superintendent  of  Bridge  Works,  Bom1)ay 

Baroda  and  Central  India  Railway,  Bombay,  India. 
1886.  Midelton,  Thomas,  Aylesbury,  Albemarle  Street,  Nortli  Kingston,  Sydney, 

New  South  Wales. 
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1S62.  Miers,  Francis  C,  Messrs.  Fry  Miers  and  Co.,  Suffolk  House,  5  Laurence 

Pountnej'  Hill,  London,  E.G. ;  and  Eden  Cottage,  West  Wickbam  Koad, 

Beckenham.     ^Foundation,  London.     1920.] 
1874.  Milburn,  John,  Hawkshead  Foundry,  Quay  Side,  "Workington. 
1887.  Miles,  Frederick  Blumenthal,  Messrs.  Bement  ]Miles  and  Co.,  Callowhill 

and  Twenty-first  Streets,  Philadelphia,  United  States. 
1893.  Millar,  Jackson,  Messrs.   Eiley  Hargreaves  and  Co.,  11  Merchant  Eoad, 

Singapore,  Straits  Settlements :  (or  care  of  J.  E.  Allan,  93  Hope  Street, 

Glasgow.) 
1889.  Miller,  Adam,  50  Lime  Street,  London,  E.C. 

1885.  Miller,  Harry  William,  New  Chimes  Gold  Mining  Co.,  P.O.  Box  1083, 

Johannesburg,  Transvaal,  South  Africa. 

1886.  Miller,  John  Smith,  Messrs.  Smith  Brothers  and  Co.,  Hyson  Green  Works, 

Nottingham. 

1887.  Miller,  Thomas  Lodwick,  7  Tower  Buildings  X.,  Water  Street,  Liverpool. 
1893.  Milligan,   William   Scott,  Messrs.   Pollit  and   Wigzell,   Bank  Foundry, 

Sowerby  Briilge. 
1893.  Millington,  Frederick  Handel,  Manager,  Patent  Pulp  IManufacturing  Co., 

Thetford ;  and  :\Iill  House,  Thetford. 
1885.  Millis,  Charles   Thomas,   Principal,   Educational   Department,   Borough 

Eoad  Polytechnic,  London,  S.E. 
1887.  Milne,  William,  Castle  Buildings,  West  Street,  Durban,  Xatal  ^Metallic, 

Durban'];  and  The  Oaks,  52  Queen  Street,  Durban,  Xatal. 
1856.  Mitchell,     Charles,    Sir    W.    G.    Armstrong    Slitchell    and    Co.,    Low 

Walker,  Xewcastle-on-Tyne ;  and  Jesmond  Towers,  Xewcastle-on-Tyne. 
1892.  Mitcheson,  George  Arthur,  Longton,  Staffordshire.     IMitclieson,  Longton. 

445.] 
1870.  Moberly,  Charles  Henry,  13  Belmont  Park,  Lee,  London,  S.E. 
1885.  Moir,  James,  Superintendent   Engineer,  Bombay  Steam  Navigation  Co., 

Frere  Eoad,  Bombay. 

1879.  Moleswoiih,  Sir  Guilford  Lindsay,  K.C.I.E.,  The  Manor  House,  Bexley, 

S.O.,  Kent. 
1882.  Molesworth,    James    Murray,   Aberdeen    House,    Upper    Holly    Walk, 

Leamington. 
1881.  Molinos,  Leon,  48  Eue  de  Provence,  Paris. 
1884.  Monroe,  Kobert,   Manager,  Penarth    Slipway  and   Engineering  Works, 

Penarth  Dock,  Penarth. 
1884.  Moore,  Benjamin  Theophilus,  Longwood,  Bexley,  S.O.,  Kent. 
1876.  Moore,   Joseph,  1099  Adeline  Street,  Oakland,  San  Francisco,  California; 

Fairhope,   Byne  Eoad,  Sydenham,  London,  S.E. :  (or  care  of  Ealph 

Moore,  Government  Inspector  of  Mines,  13  Clairmont  Gardens,  Glasgow.) 

1880.  Moreland,  Eichard,  Messrs.  Eichard  Moreland   and   Son,  3  Old  Street, 

St.  Luke's,  London,  E.C.     [_Expansion,  London.'] 
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18S9.  Morgau,  David  John,  16  Barry  Dock  Road,  Barry,  near  Cardiff. 
1SS5.  Morgan,    Thomas    Eees,    Morgan    Engineering  Works,   Alliance,    Ohio, 
United  States. 

1887.  Morison,  Donald    Barns,   Messrs.   T.   Eichardson  and    Sons,   Hartlepool 

Engine  Works,  Hartlepool. 

1888.  Morris,  Charles,  Messrs.  Jessop  and  Co., Phoenix  Iron  Works,  Calcutta,  India. 
1874.  Morris,  Edmund  Legh,  New  River  Water  Works, Finsbury  Park,  London,  N. 
1890.  Morris,  Francis  Sanders,  4  Trafalgar  Square,  London,  W.C. 

1890.  Morris,  John  Alfred  {Life  Member),  Empire  Works,  78  Great  Bridgewater 

Street,  Manchester. 
1892.  Morton,  David  Home,  95  Bath  Street,  Glasgow. 
1858.  Mountain,  Charles  George,  93  Hope  Street,  Glasgow. 
1886.  Mountain,  William   Charles,   Messrs.   Ernest  Scott  and  Mountain,  Close 

AVorks,  Newcastle-on-Tyne  \_Esco,  Neivcastle-on-Tyne.    432.] ;  and  9  St. 

George's  Terrace,  Jesmond,  Newcastle-on-Tyne. 

1884.  Mower,  George  A.,  Crosby  Steam  Gage  and  Valve  Co.,  75  Queen  Victoria 

Street,  London,  E.C.     [Crosby,  London.'] 

1885.  Mudd,  Thomas,  Manager,  Central  Marine  Engine  Works,  West  Hartlepool. 
1873.  Muir,  Alfred,  Messrs.  William  Muir  and  Co.,  Britannia  Works,  Sherbourne 

Street,  Strangeways,  Manchester. 
1873.  Muir,  Edwin,  37  Brown  Street,  Manchester. 
1876.  Muirhead,  Richard,  Kentish  Engineering  Works,  Maidstone.     [Muirhead, 

Maidstone.] 
1890.  Miiller,  Henry  Adolphus,  Locomotive  Superintendent,  Municipal  Railway, 

3  North  Road,  Eiitally,  Calcutta,  India. 
1890.  Mumford,  Charles  Edward,  St.  Andrew's  Works,  Bury  St.  Edmunds. 
1890.  Munro,  John,  Professor  of  Mechanical  Enguieering,  Merchant  Venturers' 

Technical  College,  Unity  Street,  Bristol. 

1890.  Munro,  Robert  Douglas,  Chief  Engineer,  Scottish  Boiler  Insurance  and 

Engine  Inspection  Co.,  13  Duudas  Street,  Glasgow. 

1889.  Miiuster,  Bernard  Adoljjh,  Engineer,  Yokohama,  Japan. 

1891.  Murdoch,  Robert  Macmillan,  Phoenix  Metal  Die  and  Engineering  Co., 

110  Stamford  Street,  Blackfriars,  London,  S.E. 

1890.  Murray,  Alexander  John,  Chief  Mechanical  Engineer,  Government  Gua^ 

Powder  Factory,  Kirkec,  Bombay,  India. 

1890.  Murray,  Kenneth  Sutherland,  Briu's  Oxygen  Works,  C9  Horteforry  Road, 

Westminster,  S.W. 

1891.  Murray,  Thomas  Roberts,  INIessrs.  L.  Sterne  and  Co.,  Crown  Iron  Works, 

Glasgow. 

1881.  Musgrave,  James,  Messrs.  John  Musgrave  and  Sons,  Globe  Iron  Works, 

Bolton.    [Musrirave,  Bolton.'} 

1882.  Musgrave,  Walter  Martin,  Messrs.  John  Musgrave  and  Sons,  Globe  Iron 

Works,  Bolton.     \_Musgrave,  Bolton.'] 
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1888.  Myers,  William  Bcswick  {Life  Member),  14  Victoria  Street,  Westminster, 

S.W. 

1870.  Napier,  James  Murdocli,  Messrs.   David   Napier  and   Son,  Vine  Street, 
York  Eoad,  Lambeth,  London,  S.E. 

1889.  Nash,  Thomas,  Sheffield  Testing  Works,  Blonk   Street,  Sheffield;   and 

Guzerat  House,  Nether  Edge,  Sheffield. 

1888.  Nathan,  Adolphus,  Messrs.  Larini  Nathan  and  Co.,  Milan ;  and  15  Via 

Bigli,  Milan,  Italy. 
1861.  Naylor,  John  William,  Messrs.  Fairbairn  Naylor  Macpherson  and   Co., 
Wellington  Foundry,  Leeds. 

1883.  Neate,  Percy  John,  16  The  Banks,  High  Street,  Kochester. 

1889.  Needham,  Joseph   Edward,  Patent   Office,   25   Southampton  Buildings, 

London,  W.C. 
1892.  Nelson,  Arthur  David,  Hay  and   Lackey  Streets,   Sydney,  New  South 
Wales.     \_Nehon,  Sydnetj.     160.] 

1884.  Nelson,  John,  Contractors'  Office,  Dringhouses,  York. 

1887,  Nelson,  Sidney  Herbert,  Messrs.  Samuel  Worssam  and  Co.,  Oakley  Works, 
King's  Koad,  Chelsea,  London,  S.W. 

1881.  Nesfield,  Arthur,  14  Water  Street,  Liverpool. 

1890.  Newton,  Percy,  Vassall  Lodge,  Addison  Eoad,  Kensington,  London,  W. 
1884.  NichoUs,  James  Mayne,  Locomotive  Superintendent,  Nitrate  Kailways, 

Iquique,  Chili. 
1884.  Nicholson,  Henry,  care  of  G.  H.  Hill,  Albert  Chambers,  Albert  Square, 

Manchester. 
1894.  Nicholson,  John  Piumne}',  care  of  Messrs.  Blackburn  and  Main,  Solicitors, 

Carlisle. 

1891.  Nicholson,   Thomas,    Crownpoint    Boiler    Works,    St.    Marnock    Street, 

Crownpoint  Eoad,  Glasgow. 
1886.  Noakes,  Thomas  Joseph,  Messrs.  Thomas  Noakes  and  Sons,  35  and  37 

Brick  Lane,  Whitechapel,  London,  E. 
1884.  Noakes,  Walter  Maplesden,  73  Clarence  Street,  Wyuyard  Square,  Sydney, 

New  South  Wales. 

1882.  Nordenfelt,  Thorsten,  8  Eue  Auber,  Paris. 

1892.  Norris,     William,     Messrs.     Eobey     and     Co.,     Globe     Iron     Works, 

Lincoln. 
1868.  Norris,  William   Gregory,   Coalbrookdale    Iron    Works,    Coalbrookdale, 
Shropshire, 

1883.  North,    Gamble,  Pisagua,    Chile :  (or  care   of  B.   Depledge,   Woolpack 

Buildings,  3  Gracechurcli  Street,  London,  E.C.) 
1S82.  North,  John  Thomas,  Messrs.  North  Humphrey  and  Dickenson,  Engineering 
Works,  Iquique,  Chile;  Woolpack  Buildings,  3   Gracechurch  Street, 
London,  E.C. ;  and  Avery  House,  Avery  Hill,  Eltham. 
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1878.  Noitlicott,  William  Henry,  General  Engine  and  Boiler  Co.,  Hatcliam  Iron 
Works,  Pomeroy  Street,  New  Cross  Koad,  London,  S.E.;  and  7  St.  Mary's 
Road,  Peckham,  Loudon,  S.E.     [Oxygen,  London.    8007.] 

1888.  Norton,  William  Eardley,  8  Great  George  Street,  Westminster,  S.W. 

1882.  Nunneley,  Thomas,  Barwick-in-Elmet,  near  Leeds. 

1885.  Oakes,   Sir  Reginald  Louis,  Bart.,  Socie'te  Anonyme  La  IMetallurgique, 

1  Place  de  Louvain,  Bruxelles,  Belgium. 
1887.  O'Brien,  Benjamin  Thompson,  60  Uiaper  Parliament  Street,  Liverpool. 

1887.  O'Brien,  John  Owden,  Messrs.  W.  P.  Thompson  and  Co.,  Ducie  Buildings, 

6  Bank  Street,  Manchester. 
1890.  Ockendon,  William,  Messrs.  John  Brown  and  Co.,  Atlas  Steel  and  Iron 

Works,  Sheffield. 
1868.  O'Connor,  Charles,  1-44  Osborne  Villas,  Duke  Street,  Southport. 

1888.  O'Donnell,  John  Patrick,  70  and  71  Palace  Chambers,  9  Bridge  Street, 

Westminster,   S.W. ;    and  Avondale,    College   Road,    Bromley,    Kent. 
[ODonnell,  London.     3059.] 

1889.  Ogden,  Fred,  Patent  Office,  25  Southampton  Buildings,  London,  W.C. 

1886.  Ogle,  Percy  John,  4   Bishopsgate  Street  Within,  London,   E.C.     [Oglio, 

London.     24G3.] 
1894.  Oka,  Saneyasu,  141,  1  Chome,  Funakori  Cho,  Osaka,  Japan. 
1893.  Oke,    Francis    Robert,    London    and   North   Western    Railway   Works, 

Crewe. 
1875.  Okes,  John  Charles  Raymond,  39  Queen  Victoria  Street,  London,  E.C. 

[^OaMree,  London.'] 
1882.  Orange,  James,  Messrs.  Dauby  Leigh  and  Orange,  Hong  Kong,  China : 

(or  care  of  Mrs.  Mary  Orange,  2  West  End  Terrace,  Jersey.) 
1885.  Ormerod,  Richard  Oliver,   35   Philbeach    Gardens,   South    Kensington, 

London,  S.W. 

1867.  Oughterson,  George  Blake,  care  of  Peter  Brotherhood,  Belvedere  Road, 

Lambeth,  London,  S.E. 
1889.  Owen,  Thomas,  Midland  Railway,  Derby. 

1868.  Paget,  Arthur,  Loughborough,      iragct  Company,  Loughborough,'] 
nil.  Pauton,  William  Henry,  Messrs.  Dormau  Long  and  Co.,  Bliddlesbrougb. 
1877.  Park,  John  Carter,  68  Priory  Road,  West  Hampstcad,  London,  N.W. 
1872.  Parker,  Thomas,  Gorton  House,  Gorton,  near  Manchester. 

1888.  Parker,  Thomas,  Jun.,  Carriage  and  Wagon  Superintendent,  Manchester 
Sheffield  and  Lincolnshire  Railway,  Gorton,  near  Manchester ;  and 
Gorton  House,  Gorton,  near  jManchcster. 

1891.  Parker,  Thomas,  F.R.S.E.,  Manor  House,  Tittenliall,  Wolverhampton. 
\_Farher,  Tettenhall.] 
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1871.  Parkes,    Perseliouse,    Messrs.    Perseliouse    Paikes   and  Co.,    21    Drury 

Buildings,  21  Water  Street,  Liverpool.     [Fibrous,  Liverpool.'] 
18S-1.  Parlane,    William,  Manager,    Hong   Kong   Ice   Company,  Hong  Kong, 

China  :  (or  Ijadytou  Cottage,  Bonbill,  Dumbartonsliire.) 
1892.  Parratt,  William   Heather,   Enmore   Plantation,  East   Coast,   Demerara, 

British  Guiana. 
1S92.  Parrott,  Thomas  Henry,  Messrs.  G.  E.  Belliss  and  Co.,  Ledsam  Street, 

Birmingham. 
ISSG.  Parry,  Alfred,  Messrs. Parry  and  Co.,  Yulcan  Iron  Works,  Calcutta, India:  (or 

care  of  Messrs.  J.  B.  Barry  and  Son,  110  Cannon  Street,  London,  E.G.) 

1889.  Parry,  Evan  Henry,  Eagle  Chambers,  Adelaide  Street,  Swansea. 

1878.  Parsons,    The    Hon.    Richard  Clere,    Messrs.    Bateman    Parsons    and 

Bateman,  39   Victoria   Street,  Westminster,   S.W.     [Outfall,   London. 
3233] ;  and  48  Prince's  Gardens,  London,  S.W. 
1886.  Passmore,  Frank  Bailey,  Mansion  House  Chambers,  11   Queen  Victoria 
Street,  London,  E.G.     [Knarf,  London.'] 

1880.  Paterson,    Walter    Saunders,    Bombay    Burmah    Trading    Corporation, 

Rangoon,  British  Burmah,  India  :  (or  care  of  Messrs.  Wallace  Brothers, 

8  Austin  Friars,  London,  E.G.) 
1877.  Paton,    John    McClure    Caldwell,    Messrs.    Manlove    Alliott   and    Co., 

Bloomsgrove    Works,    Ilkeston      Road,      Nottingham.        l^Ianloves, 

Nottingham.] 
1891.  Paton,  Robert  J.,  Compauhia  McHardy,  Campinas,  Sao  Paulo,  Brazil. 

1881.  Patterson,  Anthony,  Dowlais  Iron  Works,  Dowlais. 

1883.  Pattison,  Giovanni,  Messrs.  G.  and  T.  T.  Pattison,  Engineering  Works, 

Naples.     [Pattison,  Nai)les.] 
1891.  Pattison,  Joseph,  123  Bute  Street,  Cardiff. 
1891.  Paul,  Matthew,  Jun.,  Messrs.  Matthew  Paul  and  Co.,  Levenford  Works, 

Dumbarton. 
1891.  Paulson,  Scott,  Box  455,  Johannesburg,  Transvaal,  South  Africa  :  (or  care 

of  Dr.  Paulson,  Mount  Sorrel,  near  Loughborough.) 

1872.  Paxman,  James  Noah,  Messrs.  Davey  Paxmau  and  Co.,  Standard  Iron 

Works,  Colchester.     [Paxman,  Colchester.] 
1880.  Peache,  James  Courthope,  87  East  Hill,  Colchester. 

1890.  Peacock,    Francis,    Locomotive    Superintendent,    Smyrna    and    Gassaba 

Railway,  Smyrna,  Turkey  in  Asia. 
1890.  Peacock,    James  Albert   Wells,    Assistant  Locomotive    Superintendent, 

Smyrna  and  Gassaba  Railway,  Smyrna,  Turkey  in  Asia. 
1869.  Peacock,    Ralph,    Messrs.    Beyer    Peacock    and    Co,,    Gorton    Foundry, 

Manchester. 

1879.  Pearce,  George  Cope,  Ryefields,  Ross. 

1873.  Pearce,    Richard,   Carriage    and  AVagon    Superintendent,    East    Indian 

Railway,  Howrab,  Bengal,  India. 
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189i.  Pearce,  Eobert  McLardy,  care  of  National  Bank  of  India,  47  Threadueedle 
Street,  London,  E.G. 

1884.  Pearson,  Frank   Henry,  Earle's   Shipbuilding  and   Engineering  Works, 

Hull. 

1885.  Pearson,  Henry  William,  Engineer,  Bristol  Water  Works,  Small   Street, 

Bristol. 
1870.  Pearson,  Thomas  Henry,  Moss  Side  Iron  W^orks,  Ince,  near  Wigan. 
1888,  Peel,  Charles  Edmund,  Quay  Parade,  Swansea. 

1884.  Penn,  George  Williams,  Lloyd's  Bute  Proving  House,  Cardiff. 

1873.  Penn,  John,  M.P.,  Messrs.  John  Penn  and  Sons,  Marine  Engineers, 
Greenwich,  London,  S.E. 

1873.  Penn,    William,     Messrs.     John    Penn    and    Sous,    ]\Iarine    Engineers, 

Greenwich,  London,  S.E. 

1874.  Pepper,  Joseph  Ellershaw,  Clarence  Iron  AVorks,  Leeds. 
1874.  Percy,  Cornelius  McLeod,  King  Street,  Wigan. 

1879.  Perkins,  Stanhope,  Healey  Terrace,  Fairfield,  near  Manchester. 
1890.  Perry,  Weston  Alcock,  Phosphor-Bronze  Co.,  Birmingham;  and  Kenwood, 
St.  Peter's  Koad,  Birmingham. 

1893.  Philip,  William  Littlejohn,  Manager,  Messrs.  Spencer  and  Co.,  Melksham 

Foundry,  Melksham. 

1881.  Philipson,  John,  Messrs.  Atkinson  and  Philipsou,  Carriage  Manufactory, 

27  Pilgrim  Street,  Newcastle-on-Tyne.     [Carriage,  Neiocastle-on-Tijne. 
415.] 

1885.  Phillips,     Charles      David,     Emlyn     Engineering     Works,     Newport, 

Monmouthshire.     [Machinery,  Newport,  Mon.'] 

1878.  Phillips,  John,  4  Corona  Koad,  Burnt  Ash  Hill,  Lee,  London,  S.E. 

1885.  Phillips,  Lionel,  Mining  Engineer,  Bultfontein  Diamond  ]\Iine, 
Kimberley,  South  Africa ;  and  care  of  H.  Eckstein,  Box  149,  Johannes- 
burg, Transvaal,  South  Africa. 

1879.  Phillips,  Eobert  Edward,  Royal  Courts  Chambers,  70  and  72  Cliancery 

Lane,  London,  W.C. ;  and  47  Sussex  Place,  Onslow  Gardens,  London, 
S.W.     [Phicycle,  London.'} 
1890.  Phillips,  Walter,  28  Brownhill  Koad,  Catford,  London,  S.E. 

1882.  Phipps,  Christopher  Edward,  Locomotive  Superintendent,  Madras  Railway, 

Perambore  Works,  Madras,  ludia. 

1894.  Pickering,  Jonathan,  Resident  Engineer,   Colonial   Sugar  Refining  Co., 

Sydney,  New  South  Wales;  and  Broadwater,  Richmond  River,   New 
South  Wales :  (or  care  of  R.  Y.  Pickering,  Wishaw,  near  Glasgow.) 

1876.  Piercy,  Henry  James  Taylor,  Messrs.  Piercy  and  Co.,  Broad  Street  Engine 

Works,  Birmingham.     [Piercy,  Birmingham.     20.] 

1877.  Pigot,  Thomas  Francis,  41  Upper  Mount  Street,  Dublin. 

1888.  Pilkington,  Herbert,  Wellingborough  Iron  Works,  AVelliugborough. 
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1883.  Pillow,  Edward,  2  Carlton  Terrace,  Mill  Mill  Road,  Norwich. 

1892.  Pinder,  Charles  Ralph,  New  Rietfonteiu  Estate  and  Gold  Mines,  P.  O. 

Box  661,  Johannesburg,  Transvaal,  South  Africa. 
1876.  Pinel,  Charles  Louis,  Messrs.  Lethuillier  and  Pinel,  26  Rue  Meridienne, 

Rouen,  France.     [^Lethuillier  Pinel,  Bouen.'] 
1892.  Pirie,  George,  137  Maxey  Road,  Plumstead. 

1882.  Pirrie,   John   Sinclair,   Austral  Otis  Elevator  and  Engineering  "Works, 

South  IMelbourne,  Victoria:  (or  care  of  Messrs.  John  Birch  and  Co., 
11  Queen  Street  Place,  London,  E.C.) 
1888.  Pirrie,  William  James,  Messrs.  Harlaud  and  AVolif,  Belfast. 

1883.  Pitt,  Walter,  Messrs.  Stothert  and  Pitt,  Newark  Foundry,  Bath.    [Stothert, 

Bath.'] 

1887.  Place,  John,  Linotype  Co.,  6  Serjeants'  Inn,  Fleet  Street,  London,  E.C. 
1871.  Piatt,  James,  Messrs.  Fielding  and  Piatt,  Atlas  Iron  Works,  Gloucester 

[Atlas,     Gloucester.'] ;     and     Somerset     House,     Gloucester.       [Piatt, 

Gloucester.] 
1883.  Piatt,  James  Edward,  Messrs.   Piatt  Brothers  and   Co.,  Hartford  Iron 

AVorks,  Oldham. 
1867.  Piatt,  Samuel  RadclifiFe  {Life  Member),  Messrs.  Piatt  Brothers  and  Co., 

Hartford  Iron  Works,  Oldham. 
1878.  Platts,  John  Joseph,  Resident  Engineer,  Odessa  Water  Works,  Odessa, 

Russia. 
1869.  Player,  John,  Clydach  Foundry,  near  Swansea. 

1892.  Pogson,  Alfred  Lee,  Engineer-in-Chief,  Harbour  Trust  Board  and  Works, 

Madi-as,  India. 

1888.  Pogson,    Joseph,    Manager    and    Engineer,    Huddersfield    Corporation 

Tramways,  Huddersfield. 
1891.  Poland,   William,   Messrs.   William  Poland  and   Co.,  21  Green   Street, 
Blackfriars,  London,  S.E.     [Determine,  London.] 

1893.  Pollit,  Edward  Ernest,  Messrs.  Pollit  and  Wigzell,  Bank  Foundry,  Sowerby 

Bridge. 

1894.  PoUitt,  Han-y,   Chief  Locomotive  Engineer,  Manchester  Sheffield  and 

Lincolnshire  Railway,  Gorton,  Manchester.  [Traction,  Gorton.] 
1886.  Pollock,  James,  22  Billiter  Street,  London,  E.C.  [Specific,  London.] 
1876.  Pooley,  Henry,  Messrs.  Henry  Pooley  and  Son,  Albion  Foundry,  Liverpool. 

[Pooley,  Liverpool.] 
1890.  Potter,  William  Henry,  Newcastle  Chambers,  Angel  Row,  Nottingham. 
1864.  Potts,  Benjamin  Langford  Foster,  55  Chancery  Lane,  London,  W.C. ;    and 

117  Camberwell  Grove,  London,  S.E. 
1878.  Powel,  Henry  Coke,  Tintern  House,  64  Burnt  Ash  Hill,  Lee,  London,  S.E. 
1890.  Powell,  James  Richard,  Pierhead  Chambers,  Cardiff. 
1S74.  Powell,  Thomas,  Brynteg,  Neath. 
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1891.  Powles,  Henry  Handley  Pridham,  Faraday  House,  Cliaving  Cross  Koad, 

London,  W.C. 
1867.  Pratchitt,  John,  Messrs.  Pratchitt  Brothers,  Denton  Iron  Works,  Carlisle. 

1865.  Pratchitt,  William,  Messrs.  Pratchitt  Brothers,  Denton  Iron  Works,  Carlisle. 

1892.  Pratt,  Middleton,  6  Kichmond  Terrace,  New  Brighton,  near  Birkenhead. 

1885.  Pratten,  William  John,  IMessrs.  Harland  and  Wolff,  Belfast. 

1890.  Preece,  William  Henry,  C.B.,  F.R.S.,  General  Post  Office,  St.  Martin's-le- 

Grand,  London,  E.C. 
1882.  Presser,  Ernest  Charles  Antoine,  4  Salesas,  Madrid. 
1877.  Price,  Henry  Sherley,  Messrs.  Wheatley  Kirk,  Price,  and  Goulty,  49  Queen 

Victoria  Street,  London,  E.C.     ^Indices,  London.^ 

1866.  Price,  John,  6  Osborne  Villas,  Jesmond,  Newcastle-on-Tyne. 
1890.  Price,  John,  Inspecting  Engineer,  Workington. 

1889.  Price,    John    Bennett,  Messrs.  Charles  Macintosh  and  Co.,  Cambridge 

Street,  Manchester ;  and  Wyresdale,  Wilbrabam  Eoad,  Chorltou-cum- 
Hardy,  near  Manchester. 
1859.  Price-Williams,  Richard,  32  Victoria  Street,  Westminster,  S.W.   [Spandrel, 
London.'] 

1886.  Price-Williams,  Seymour  William,  5  Victoria  Street,  Westminster,  S.W. 
1874.  Prosser,    William    Henry,    Messrs.    Harfield   and    Co.,   Mansion   House 

Buildings,  4  Queen  Victoria  Street,  London,  E.C. 
1894.  Pryce,  Henry  James,  Locomotive  Superintendent,  North  London  Railway, 
Bow  Road  Works,  London,  E. 

1890.  Pugh,  Charles  Henry,  Whitworth  Works,  Rea  Street  South,  Birmingham. 

1887.  Pullen,  William  Wade   Fitzjierbert,  Walmer   House,  5    Romilly  Road, 

Cardiff. 
1884.  Puplett,  Samuel,  47  Victoria  Street,  Westminster,  S.W. 
1866.  Putnam,  William,  Darlington  Forge,  Darlington. 
1887.  Pyne,  Sir  Thomas  Salter,  C.S.I.,  care  of  H.H.  the  Ameer  of  Afghanistan, 

Kabul :  (or  care  of  E.  C.  Clarke,  Foreign  Office,  Government  of  India, 

Simla  or  Calcutta,  India:  or  care  of  Edmund  Neel,  CLE.,  India  Office, 

Whitehall,  London,  S.W.) 

1892.  Quentrall,  Thomas,  H.M.  Inspector  of  Mines,  Kimberley,  South  Africa. 

1893.  Quirk,  Edward,  Chief  Mechanical  Engineer,  Trinity  House,  London,  E.C. 

1870.  Radcliffe,  William  {Life  Blemhcr),  Camden  House,  25  Collegiate  Crescent, 

Sheffield. 
1878.  Radford,  Richard  Heber,  15  St.  James"  Row,  Sheffield.    [Eadford,  SJieffield.'] 
1868.  Rafarel,  Frederic  William,  Cwmbran  Nut  and  Bolt  Works,  near  Newport, 

Monmouthshire. 
1884.  Rafarel,  William  Claude,  Barnstaple  Foundry  and  Engineering  Works, 

Victoria  Road,  Barnstaple.     [Eufarel,  Barnstaple^ 
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1885.  Eaiuforth,  William,  Britannia  Iron  Works,  Lincoln.    [Eainforths,  Lincoln.'] 
1878.  Rait,  Henry  Milnes,  Messrs.  Rait  and  Gardiner,  155  Feucliurcli  Street, 

London,  E.G.  '  [^Repairs,  London.'] 

1892.  Ramsay,  William,  Superintendent  Engineer,  Scottish  Oriental  Steamship 

Co.,  Hong  Kong,  China. 
1847.  Ramsbottom,  John,  Fernhill,  Alderley  Edge,  Cheshire. 

1866.  Ramsden,   Sir    James,  Abbot's   Wood,   Barrow-in-Furness;    and  Reform 

Chambers,  105  Pall  Mall,  London,  S.W. 
1860.  Ransome,   Allen,    304  King's  Road,  Chelsea,  Loudon,   S.W.      \_Eansome, 
London.] 

1886.  Ransome,  James  Edward,  Messrs.  Ransomes  Sims  and  Jefferies,  Orwell 

Works,  Ipswich.     [^Ransomes,  Lpswich.] 
1873.  Rapier,  Richard   Christopher,  Messrs.  Ransomes  and  Rapier,  Waterside 
Iron   Works,   Ipswicli;    and   32   Victoria    Street,   Westminster,   S.W. 
[Ransomes  Rapier,  Westminster.] 

1888.  Rapley,  Frederick  Harvey,  Messrs.  Taite  and  Carlton,  G3  Queen  Victoria 

Street,  London,  E.G. 

1889.  Ratclifte,  James  Thomas,  BaumwoU-Manufactur  von  Izr.  K.  Poznanski, 

Lodz,  Russian  Poland. 
1883.  Rathbone,  Edgar  Philip,  Standard  Bank  Buildings,  and  P.  O.  Box  963, 
Johanuesburg,  Transvaal,  South   Africa.     [Vihinrj,  Johannesburg.] 

1867.  Ratlifle,  George,  7a  Laurence  Pountuey  Hill,  London,  E.G. 

1893.  Raven,    Vincent    Litchfield,    Locomotive    Department,    North    Eastern 

Railway,  Darlingtou. 
1862.  Raveuhill,  John  Richard,  Delaford,  Tver,  near  Uxbridge. 
1872.  Rawlins,    John,    Manager,   Metropolitan    Railway-Carriage   and   Wagon 

Works,  Saltley,  Birmingham.     [Metro,  Birmingliam.] 
1883.  Reader,  Reuben,  Phoenix  Works,  Cremorne  Street,  Nottingham. 

1887.  Readhead,  Robert,  Messrs.  John  Readhead  and  Sons,  West  Docks,  South 

Shields.     [Readhead,  South  Shields.     G.P.O.  14.     Nat.  2024.] 

1882.  Reay,  Thomas  Purvis,  Messrs.  Kitson  and  Co.,  Airedale  Foundry,  Leeds. 
1881.  Redpatli,   Francis   Robert,   Canada   Sugar   Refinery,   Montreal,    Canada. 

[Redpath,  Montreal.] 

1883.  Reed,  Alexander  Henry,  64  Blark  Lane,  London,  E.G.     [JVagon,  London.] 
1870.  Reed,  Sir  Edward  James,   K.C.B.,  M.P.,  F.R.S  ,  Broadway   Chambers, 

Westminster,  S.W.     [Carnage,  London.] 

1894.  Reed,  Josei^h  William,  Manager,  Engine  Works  Department,  Palmer's 

Shipbuilding  and  Iron  Works,  Jarrow. 
1891.  Reed,  Thomas  Alfred,  Bute  Docks,  Cardiff.    [Steam,  Cardiff.     171.] 

1884.  Rees,  William  Thomas,  Mining  Engineer,  Maesyffynon,  Aberdare. 

1891.  Reid,  Hugh(X«/e  Member),  Messrs.  Neilson  and  Co.,  Hyde  Park  Locomotive 
Works,  Glasgow. 
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1883.  Eeid,  James,  Messrs.   Neilson   and  Co.,  Hyde  Park  Locomotive   Works, 
Glasgow. 

1889.  Eendell,  Alan  Wood,  Locomotive  Superintendent,  East  Indian  Eailway, 

Jamalpur,     Bengal,     India  :     (or     21a     Goldhurst     Terrace,     South 
Hampstead,  London,  N.W.) 

1890.  Eendell,   Samuel,    Messrs.   Beyer   Peacock    and   Co.,   Gorton   Foundry, 

Manchester ;  and  New  Mills,  near  Stockport. 
1859.  Eennie,  George  Banks,  20  Lowndes  Street,  LoTvndes  Square,  London,  S.W. 
1879.  Eennie,  John  Keith,  49  Queen's  Gate,  London,  S.W. 

1881.  Eennoldson,  Joseph   Middleton,  Marine  Engine  Works,  South   Shields. 

[Rennoldson,  South  Shields.     11.] 
1876.  Eestler,  James  William,  Enghieer,  Southwark  and  Vauxhall  Water  Works, 
Southwark  Bridge  Eoad,  London,  S.E. 

1883.  Eeunert,  Theodore  (Life   31emher),  Box   209,  Kimberley,  Soutli  Africa  ; 

Box  92,  Johannesburg,  Transvaal,  South  Africa:  (or  care  of  Messrs. 
Findlay,  Durham  and  Brodie,  43-46  Threadneedle  Street,  London,  E.G.) 

1862.  Eeynolds,  Edward,  Messrs.  Vickers   Sons  and   Co.,   Eiver  Don  Works, 

Sheffield. 
1879.  Eeynolds,  George  Bernard,  Manager,  Warora   Colliery,  Warora,   Central 
Provinces,  India. 

1890.  Eice,  Thomas   Sydney,  Aldermary  House,  60  Watling   Street,  Loudon, 

E.C.       l^Ricto,  London.^ 
1866.  Eichards,  Edward  Windsor,  Low  Moor  Iron  Works,  near  Bradford. 

1882.  Eichards,  George,  Suftolk  House,  Laurence  Pountney  Hill,  London,  E.G. 

1884.  Eichards,  Lewis,  12  Park  Villas,  Llanishen,  near  Cardiff. 

1863.  Eichardson,  The  Hon.  Edward,  C.M.G.,  Wellington,  New  Zealand. 

1892.  Eichardson,  Harry  Alfred,  Messrs.  Hick  Hargreaves  and  Co.,  Soho  Iron 

Woiks,  Crook  Street,  Bolton. 
1865.  Eichardson,  John,  Methley  Park,  near  Leeds. 

1873.  Eichardson,  John,  Messrs.  Eobey  and  Co.,  Globe  Iron  Works,  Lincoln. 

1891.  Eichardson,   John  Scott,  Box  13,  Eoyal   Exchange,  Glasgow :  (or  care 

of  J.  W.  Champness  Eichardson,  Liudum,  23  Coleridge  Eoad,  Crouch 
End,  London,  N.) 
1887.  Eichardson,    Thomas,    Messrs.     T,    Eichardson    and     Sons,    Hartlepool 
Engine  Works,  Hartlepool. 

1874.  Eiches,  Tom  Hurry,  Locomotive  Superintendent,  Taff  Vale  Eailway,  Cardiff. 

[Locomotive,  Cardiff.'] 
1873.  Eickaby,  Alfred  Austin,  Bloomfield  Engine  Works,  Sunderland.    [lUclcahyy 

Sunderland.'] 
1879.  Eidley,  James  Cartmell,  Swalwell  Steel  Works,  Newcastle-on-Tyne. 

1893.  Eidley,  James  Taylor,  6  Euthin  Gardens,  Cardiff. 

1887.  Eiekie,  John,  District  Locomotive  Superintendent,  North  Western  Eailway, 
Quetta,  Beluchistan,  India. 
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1874.  Riley,  James,  General  Manager,  Glasgow  Iron  and  Steel  Company,  1  St. 

Vincent  Street,  Glasgow. 
1S94.  Eiley,  Joseph  Hacking,  Elton  Iron  Works,  Bury,  Lancashire. 

1885.  Eipley,  Philip   Edward,  Messrs.   Eansomes   Sims  and  Jefferies,   Orwell 

"Works,  Ipswich. 
1884.  Eipper,  William,  Professor  of  Mechanical    Engineering,    The  Technical 
School,  St.  George's  Square,  Sheffield. 

1889.  Eiva,    Enrico,    Locomotive     and     Carriage     Superintendent,    Ferrovie 

Meridionale,  Bologna,  Italy. 
1879.  Rixom,  Alfred  John,  108  Park  Eoad,  Loughborough. 
1891.  Eoberts,  Hugh  Jorwerth,  Messrs.  Burn  and  Co.,  Howrah  Iron   Works, 

Howrah,  Calcutta,  India :  (or  care  of  E.  P.  Eoberts,  3  Osborne  Eoad, 

Liscard,  near  Liverpool.) 
1887.  Eoberts,  Thomas,  Locomotive  Engineer,  Government  Eailwaya,  Adelaide, 

South  Australia. 
1879.  Eoberts,  Thomas  Herbert,  Mechanical  Superintendent,  Chicago  and  Grand 

Trunk  Eailway,  Detroit,  Michigan,  United  States. 
1887.  Eoberts,  William,  13  Craven  Hill  Gardens,  Hyde  Park,  London,  W. 
1879.  Eobertson,  William,  Newlyn,  Eton  Avenue,  Hampstead,  London,  N.W. 
1894.  Eobinson,  Arthur  Maurice,  Messrs.  Tliomas  Eobinson  and  Son,  Eailway 

Works,  Eochdale.     [Eobinson,  Rochdale.'] 
1894.  Eobinson,  Charles  John,  Messrs.  Thomas   Eobinson   and  Son,  Eailway 

Works,  Eochdale.     l_Iiohinson,  Eochdale.] 

1890.  Eobinson,  Frederick  Arthur,  Messrs.  F.  A.  Eobinson  and  Co.,  54  Old 

Broad  Street,  London,  E.C.     [Farrago,  London.] 
1874.  Eobinson,  Henry,  Professor  of  Civil  Engineering,  King's  College,  Strand, 

London,  W.C. ;  and  13  Victoria  Street,  Westminster,  S.W. 
1859.  Eobinson,  John,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works,  Glasgow ; 

and  Westwood  Hall,  Leek,  near  Stoke-upon-Trent. 

1886.  Eobinson,  John,  8  Vicarage  Terrace,  Kendal. 

1878.  Eobinson,  John  Frederick,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works, 
Glasgow. 

1891.  Eobinson,  John  George,  Locomotive  and  Carriage  Engineer,  Waterford 

and  Limerick  Eailway,  Limerick. 

1892.  Eobinson,  Leslie  Stephen,  28  Victoria  Street,  Westminster,  S.W.   [Eyebolts, 

London.] 
1894.  Eobinson,  Mark  Heaton,  Messrs.  Willans   and   Eobinson,  Ferry  Works, 

Thames  Ditton  [  Willans,  Thames-Ditton.]  ;  and  Chatley,  Fassett  Road, 

Kingston-on-Thames. 
1890.  Eobinson,  Sydney  Jessop,  Messrs.  W.  Jessop  and  Sons,  Brightside  Steel 

Works,  Sheffield. 
1878.  Robinson,  Thomas  Neild,  Messrs.  Thomas  Eobinson  and   Son,  Railway 

AVorks,  Rochdale,     f Eobinson,  Eochdale.] 
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1591.  Eoclie,  Francis  James,  Shanghai  Water  Works,  Shanghai,  China. 

1S90.  Eocliford,  John,   Commissioners   of  Irish   Lights,  Westmoreland   Street, 

Dublin. 
ISSS.  Eock,  John  William,  Exchange  Corner,  Pitt  Street,  Sydney,  New  South 

Wales  :  (or  care  of  E.  G.  Ei)ck,  The  Eed  House,  Ingatestone.) 

1892.  Eodgers,  John,  Messrs.  J.  S.  Eodgers  and  Sons,  Newcastle,  New  South 

Wales. 
1872.  Eofe,  Henry,  8  Victoria  Street,  Westminster,  S.W. 
1S85.  Eogers,  Henry  John,  Watford  Iron  Works,  Watford.     [Engineer,  Watford.'] 

1887.  Eogers,  Horace  Wyon,  43  Upper  Thames  Street,  Loudon,  E.C. 

1592.  Eonald,  Henry,  Small  Arms  Ammunition  Factory,  Dum  Dum,  near  Calcutta, 

India :  (or  care  of  James  Eonald,  10  Campbell  Terrace,  Plumstead.) 
1889.  Eosenthal,  James  Hermann,  Babcock  and  Wilcox  Boiler  Co.,  147  Queen 

Victoria  Street,  London,  E.C. 
1881.  Eoss,  William,  Messrs.    Eoss    and   Walpole,  North  Wall    Iron   Works, 

Dublin.     [Iron,  Dublin.     311.] 

1893.  Eounthwaite,    Henry    Morrison,    Messrs.    Maudslay    Song     and    Field, 

110  Westminster  Bridge  Eoad,  London,  S.E. ;  and  1^  Nicosia  Eoad, 

Wandsworth  Common,  London,  S.W. 
1856.  Eouse,  Frederick,   Locomotive    Department,    Great  Northern   Eailway, 

Peterborough. 
1878.  Eouth,  William  Pole,  Sutton  Court,  Sutton,  Surrey. 

1888.  Eowan,  James,  Messrs.  David  Eowan  and  Son,  Elliot  Street,  Glasgow. . 
1892.  Eowe,  Almond,  Senior  Government  Marine  Surveyor,  Singapore,  Straits 

Settlements. 
1891.  Eowland,  Bartholomew  Eichmond,  Messrs.  Luke  and  Spencer,  Ardwick, 

Manchester. 
1867.  Euston,   Joseph,   Messrs.   Euston  Proctor  and   Co.,   Sheaf   Iron   Works, 

Lincoln ;  and  6   Onslow   Gardens,   South   Kensington,  London,   S.W. 

[Huston,  Lincoln.'] 

1884.  Eutherford,  George,  General   Manager,  Bute   Shipbuilding  Engineering 

and  Dry  Dock  Co.,  Bute  Dry  Dock,  Eoath  Basin,  Cardiff.     [Caisson, 
Cardiff.] 

1885.  Eyan,  John,  D.Sc,  Professor  of   Physics  and  Engineering,  University 

College,  Bristol. 
1866.  Eyland,  Frederick,  Messrs.  A.  Kenrick  and  Sons,  Spon  Lane,  Westbromwich. 

1866.  Sacre,  Alfred  Louis,  60  Queen  Victoria  Street,  London,  E.C.     [Sextant, 

London.     1668.] 
18G4.  Said,  Colonel  M.,  Pasha,  Engineer,  Turkish  Service,  Constantinople  :  (or 

care  of  J.  C.  Frank  Lee,  108  Queen's  Gate,  Loudon,  S.W.) 
1S92.  Sainsbury,  Francis  Charles  Barrett,  Messrs.  John  Jameson  and  Son  Bow 

Street  Distillery.  Dublin. 
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1859.  Salt,  George,  Hope  Cottage,  Coleshill  Road,  Upper  Teddington,  Middlesex. 
1874.  Sampson,  James  Lyons,  Messrs.  David  Hart  and  Co.,  North  London  Iron 

Works,  Wenlock  Road,  City  Road,  London,  N.    [Bascule,  London.  6699.] 
1865.  Samuelson,   Sir    Bernhard,  Bart.,  M.P.,  F.R.S.,  Britannia    Iron  Works, 

Banbury ;    56  Prince's   Gate,    South  Kensington,  Loudon,  S.W. ;   and 

Lupton,  Brixham,  South  Devon. 
ISSl.  Samuelson,  Ernest,  Messrs.  Samuelson  and  Co.,  Britannia  Iron  Works, 

Banbury. 

1890.  Sandberg,  Clirister  Peter,  19  Great  George  Street,  Westminster,  S.W. 
1881.  Sanders,   Henry    Conrad,   Messrs.    H.    G.    Sanders    and    Son,   Victoria 

Works,  Victoria  Gardens,  Notting  Hill  Gate,  London,  W. ;  and  Elm 

Lodge,  Southall. 
1871.  Sanders,  Richard  David,  Hartfield  House,  Eastbourne. 
1886.  Sandford,  Horatio,  Messrs.  E.  A.  and  H.  Sandford,  Thames  Iron  Works, 

Gravesend. 
1881.  Sandiford,    Charles,    Locomotive    and   Carriage    Superintendent,  North 

Western  Railway,  Lahore,  Punjaub,  India. 

1891.  Sands,  Harold,  41  Widmore  Road,  Bromley,  Kent. 

1894.  Sankey,  Captain   Matthew  Henry   Phineas  Riall,  Messrs.   Willans  and 

Robinson,  Ferry  Works,  Thames  Ditton.     [ Willans,  Thames-Ditton.'] 
1874.  Sauve'e,  Albert,  22  Parliament  Street,  AVestminster,  S.W.     \_Sovez,  London. 

3133.] 
1891.  Savill,  Arthur  Slater,   Exhaust   Steam   Injector   Company,  4  St.  Ann's 

Square,  Manchester. 
1880.  Saxby,  John,  Messrs.  Saxby  and  Farmer,  Railway  Signal  Works,  Canterbury 

Road,  Kilburn,  London,  N.W.    \_Signalmen,  London.     7068.]  ;  and  North 

Court,  Hassocks,  R.S.O.,  Sussex. 

1893.  Saxon,  Alfred,   Openshaw    Engineering  Works,  Manchester.      [Saxons, 

Openshaio.     959.] 

1894.  Saxon,   George,   Openshaw   Engineering  Works,   Manchester.      [Saxons, 

Opensliww.     959.] 
1894.  Saxon,   James,    Openshaw    Engineering    Works,   Manchester.     [Saxons, 

Openshatc.     959.] 
1869.  Scarlett,  James,  Messrs.  E.  Green  and  Son,  2  Exchange  Street,  Manchester  ; 

and  Stamford  Road,  Bowdon,  R.O.,  near  Altrincham. 
1890.  Schofield,  George  Andrew,  General  Manager,  Sicilian  Railways,  Palazzo 

Brijuccia,   Palermo,   Sicily :    (or  care   of   I.  D.   Schofield,    Oakfield, 

Alderley  Edge,  Cheshire.) 
1886.  Scholes,  William  Henry,  1255  n/n  Rivadavia,  Buenos  Aires,  Argentine 

Republic:  (or  care  of  George  Scholes,  Orwell  House,  Upton  Manor, 

Plaisfow,  London,  E.) 
1883.  Schcinheyder,     William,    4    Rosebery     Road,     Brixton,     London,    S.W, 

[ScMnheydtr,  London.'] 
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1880.  Seliram,  Richard,  17a  Great  George  Street,  Westminster,  S.W.     ISchram, 

London.'] 
1S90.  Schroller,  "William,  13  Old  Elvet,  Durham.     [Bulumatari,  Diirlmm.^ 
188(5.  Schurr,  Albert  Ebenezer,  Messrs.   Fry  Miers  and   Co.,   Suffolk   House, 

5  Laurence  Pountney  Hill,  London,  E.G. ;  and  Lyncot,  Leigh-on-Sea, 

Essex. 

1885.  Scorgie,    James,    Professor    of   Applied   Mechanics,   Civil   Engineering 

College,  Poona,  India  :  Poena  Villa,  Beechgrove  Terrace,  Aberdeen  :  (or 
care  of  IMessrs.  W.  Watson  and  Co.,  27  Leadenhall  Street,  London,  E.C.) 

1891.  Scott,  Arthur  Forbes,  69  Swan  Arcade,  Bradford. 

1882.  Scott,  Charles  Herbert,  Messrs.  Summers  and  Scott,  High  Orchard  Iron 
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1890.  Scott,  Frederick  McClure,  89  Victoria  Street,  Liverpool. 

1891.  Scott,  F.  AYalter,  Messrs.  George  Scott  and  Son,  44  and  46  Christian  Street, 

London,  E.     [Tliirty-four,  London.     4390.] 
1875.  Scott,   Frederick  Whitaker,   Atlas   Steel   and    Iron   Wire   Eope  Works, 

Pieddisli,  StDckport.     \_Atlas,  Reddish.'] 
1891.  Scntt,     Henry    John,    Glendon     Engine     Works,    Kettering.      [Enrjlne, 

Kettering  ] 
1877.  Scutt,  Irving  M.,  Union  Iron  Works,  San  Francisco,  California. 

1881.  Scott,  James,  General  IManager,  Piesident  Land  and  Exploration    Co., 

Pretoria,  Transvaal,  South  Africa :  (or  Douglasfield,  Murlhly, 
Pertlishire.) 

1886.  Scott,  James,  Consett  Iron  Works,  Consett,  E.S.O.,  County  Durham. 
1894.  Scott,  Eobert,  H.  M.  Mint,  Calcutta,  India. 

1891.  Scott,  Robert  Julian,  Professor  of  Engineering,  New  Zealand  L^niversity, 

Canterbury  College,  Christchurch,  New  Zealand. 
1861.  Scott,  Walter  Henry,  Park  Road,  East  Molesey,  near  Kingston-on-Thami  s. 
1884.  Scott-Moncrieff,  AVilliam  Dundas,  14  Victoria  Street,  Westminster,  S.W. 

1882.  Seabrook,  Alfred  William,  Engineer    Surveyor  to  the  Port  of   Bombay, 

Port  OflSce,  Bombay  ;  and  care  of  Sam  Brownson,  1  Laurel  Villas, 
Bedonwtll  Hill,  Belvedere,  Kent. 

1892.  Seaman,    Charles    Joseph,     Stockton    Forgo    Work.-",    Stockton-on-Tees. 

IForge,  StocMon-on-Tees.] 
1S82.  Seaton,  Albert  Edward,  Earle's   Shipbuilding  and  Engineering  Works, 

Hull. 
1886.  Seddon,  Robert  Barlow,  Hall  Lane,  Hindley,  near  Wigan. 
1891.  Selby,  Millin,  14  Rue  de  la  Gare,  Lille,  France. 
1882.  Selfe,  Norman,  279  George  Street,  Sydney,  New  South  Wales. 
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Franklin  Institute ;  3301  Baring  Street,   Philadelphia,  Pennsylvania 
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1875.  Sheppard,   Herbert  Gurney,   Chief   Engineer,   Assioot-Girgeh  Eailway, 

Assioot,  Upper    Egypt:    (or    89  Westbourne    Terrace,  Hyde  Park, 
London,  W.) 

1876.  Shield,  Henry,  Messrs.   Fawcett    Preston    and   Co.,   Phoenix  Foundry, 

17  York  Street,  Liverpool. 
1888.  Shin,  Tsuneta,  Director,  Ishikawajlma  Shipbuilding  and  Engineering  Co., 

Tokyo,  Japan. 
1892.  Shirlaw,  Andrew,  Sufifolk  Works,  Oozells  Street,  Birmingham.     [Shirlaiv, 

Birmingliam.'] 
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1889.  Shone,  Isaac,  47  Victoria  Street,  Westminster,  S.W. 

1890.  Shoosmith,   Harry,  Messrs.   Priestman    Brothers,   Holderness    Foundry, 

Hull. 

1890.  Shore,  Alfred  Thomas,  Government  Inspector  of  Steam  Boilers,  Custom 

House,  Bombay,  India. 
1893.  Shroflf,    Adurjee   Burjorjee,   Chief  Engineer,   Sassoon    Spinning    Mills, 

Bombay,  India. 
1885.  Shuttleworth,  Alfred,   Messrs.   Clayton  and    Shuttleworth,   Stamp   End 

Works,  Lincoln.     [Claytons,  Lincoln.'] 
1885.  Shuttlewortli,  Major  Frank,  Messrs.  Clayton   and   Shuttleworth,  Stamp 

End  Works,  Lincoln ;  and  Old  Warden  Park,  Biggleswade.     ^Claytons, 

Lincoln.'] 

1891.  Siemens,  Alexander  (ir/e  Member),  12  Queen  Anne's  Gate, Westminster,  S.W. 

1888.  Siemens,  Frederick,  10  Queen  Anne's  Gate,  Westminster,  S.W. 

1871.  Simon,  Henry,  20  Mount  Street,  Manchester.     [Reform,  Manchester.] 
1877.  Simonds,  William  Turner  (^Life  Member),  Messrs.  J.  C.  Simonds  and  Sou, 

Oil  Mills,  Boston. 
1876.  Simpson,  Arthur  Telford,  Engineer,  Chelsea  Water  Works,  38  Parliament 

Street,  Westminster,  S.W. 
1883.  Simpson,  Charles  Liddell,  Messrs.  Simpson  and  Co.,  Engine  Works,  101 

Grosvenor  Road,  Pimlico,  London,  S.W.     [Aquosity,  London.] 
1885.  Simpson,  James  Thomas,  Executive  Engineer,  Henzada  Division,  Henzada, 

Bujma. 
1882.  Simpson,   John    Harwood,    Manchester    Ship    Canal,    65    King  Street, 

Manchester. 

1889.  Sinclair,  Nisbet,  The  William  Cramp  and  Sons  Ship  and  Engine  Building 

Co.,  Philadelphia,  Pennsylvania,  United  States. 
184:7.  Sinclair,   Robert,   care    of    Messrs.   Sinclair  Hamilton   and   Co.,   17   St. 
Helen's  Place,  Bishopsgate  Street,  London,  E.C.     [Sinclair,  London.] 

1891.  Sinclair,  Russell,  Messrs.  J.  Wildridge  and  Sinclair,  97  Pitt  Street,  Sydney, 

New  South  Wales. 
1881.  Sisson,  William,  Quay  Street  Iron  Works,  Gloucester.     [Sisson,  Gloucsster.] 

1872.  Slater,  Alfred,  Gloucester  Wagon  Works,  Gloucester. 

1892.  Slight,     George     Henry,     Sub-Director     of    Lighthouses,     Valparaiso, 

Chile :  (or  care  of  George  H.  Slight,  Sen.,  Brook  Cottage,  Ashburton, 
Devonshire.) 

1885.  Slight,  William  Hooper,  Lidgerwood  Manufacturing  Co.,  Socrabaya,  Java : 

(or  care  of  G.  H.  Slight,  64  Cromwell  Road,  Fitzhngh,  Southampton.) 
1891.  Sloan,  Robert   Alexander,    Messrs.    Sloan    and    Lrloyd    Barnes,  Castle 
Chambers,  26  Castle  Street,  Liverpool.     [Technical,  Liverpool] 

1886.  Small,    James    Miln,   Messrs.  Urquhart  and  Small,  17  Victoria    Street, 

Westminster,  S.W. 
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1889.  Smelt,  Jolin  Dann,  Argentine  Great  Western  Eailway,  4  Finsburj'  Circus, 

London,  E.G. 
1879.  Smith,  Charles  Hubert,  Board  of  Trade  Surveyors'  Office,  Leith. 
1S60.  Smith,  Henry,  Messrs.  Hill  and  Smith,  Brierley  Hill  Iron  "Works,  Brierley 

Hill ;  and  Summerhill,  Kingswinford,  near  Dudley.   [Fencing,  Brierley 

mil'] 
1381.  Smith,  Henry,  Messrs.  Simpson  and  Co.,  101  Grosvenor  Eoad,  Pimlieo, 

London,  S.W. 
1860.  Smith,  Sir  John,  Parkfield,  Duffield  Eoad,  Derby. 
1876.  Smith,  John,  Wintoun  Terrace,  Rochdale. 

1893.  Smith,  John,  Salford  Works,  Eichard  Street,  Birmingham. 

1883.  Smith,  John  Bagnold,  Newstead  Colliery,  near  Nottingham. 

1891.  Smith,  John  Eeney,  Messrs.  Harvey  and  Bower,  IG  Seaton  Buildings, 
17  Water  Street,  Liverpool.      [Inspecting,  Liverpool.     6204.] 

1890.  Smith,  John  Windle,  Messrs.  Thomas  Drysdale  and  Co.,  438  Calle  Moreno, 

Buenos  Aires,  Argentine  Eepublic  :  (or  care  of  Edward  Smith,  The 
"  Lock,"  Gainsborough.) 

1857.  Smith,  Josiah  Timmis,  Haematite  Iron  and  Steel  Works,  Barrow-in-Funiess  ; 
and  Ehine  Hill,  Stratford-on-Avon. 

1870.  Smith,  Michael  Holroyd,  Eoyal  Insurance  Buildings,  Crossley  Street,  Hali- 
fax ;  and  18  Abingdon  Street,  Westminster,  S.W.    [Outfall,  London.'] 

1886.  Smith,  Eeginald  Arthur,   Messrs.   Dorman  and  Smith,  Ordsal   Station 

Electrical  Works,  Salford,  Manchester. 
1881.  Smith,  Eobert  Henry,  Professor  of  Engineering,  Mason  Science  College, 

Birmingham  ;  and  124  Hagley  Eoad,  Edgbaston,  Birmingham. 
1885.  Smith,  Thomas,  Steam  Crane  Works,  Old  Foundry,  Rodley,  near  Leeds. 

[Tomsmith,  Leeds.] 
1890.  Smith,  Thomas  EidsdiU,  Messrs.  Browett   Lindley   and   Co.,  Patricroft, 

near  Manchester. 

1881.  Smith,  Wasteneys,  59  Sandhill,  Xewcastle-on-Tyne.    [Wasteneys  Smith, 

Newcastle-on-Tyne.     429.] 
1890.  Smith,  William,  London   and  Manchester  Plate  Glass  Co.,  Sutton,   St. 
Helen's,  Lancashire. 

1894.  Smith,  William,  Eoads   Bridges   and   Sewerage  Department,   Sewerage 

Construction  Branch,  Public  Works  Office,  Sydney,  Xew  South  Wales. 
1863.  Smith,  William  Ford,  Messrs.  Smith  and  Coventry,  Gresley  Iron  Works, 
Ordsal  Lane,  Salford,  Manchester.     [Gresley,  Manchester.     564.] 

1887.  Smith,    William     Mark,    District    Locomotive    Carriage    and     Wagon 

Superintendent,  Great  Southern  and  Western  Eailway,  Cork. 

1882.  Smyth,  James  Josiah,  ^Messrs  James  Smyth  and  Sons,  PeasenhaU,  Suffolk. 

1884.  Smyth,    William     Stopford,     Engineer,     Alexandra     Docks,     Newport, 

Jlonmouth  shire. 
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1883.  Saelus,  George  James,  F.R.S.,  Eunerdale  Hall,  Frizington,  near  Carnforth. 
18S5.  Snowdon,  John  Armstrong,  Stanners  Closes  Steel  Works,  Wolsingliam , 

near  Darlington. 
1887.  Sorabji,  Shapiirji,  Messrs.  Sliapurjee  and  llatanshaw,  1  and  2  West  India 
House,  Leadenball  Street,  London,  E.G. 

1884.  Soulsby,  James  Charlton,  14  Ruthin  Gardens,  Cathays,  Cardiff. 

1S83.  Souter-Robertson,  David,  Assistant  Superintendent,  Government  Canal 
Foundry  and  Workshops,  Roorkee,  North  Western  Provinces, 
India. 

ISS'5.  Southwell,  Frederick  Charles,  Messrs.  Richard  Hornsby  and  Sons, 
Spittlegate  Iron  Works,  Grantham. 

1877.  Soyres,  Francis  Johnstone  de,  4  Arlington  Villas,  Clifton,  near  Bristol. 
1893.  Speuce,  Arthur  William,  Manager,  Cork  Street  Foundry  and  Engineering 

Works,  Dublin. 
1887.  Spence,  William,  Cork  Street  Foundry  and  Engineering  Works,  Dublin. 

1887.  Spencer,  Alexander,  Messrs.  George  Spencer,  Moulton  and  Co.,  77  Cannon 

Street,  London,  E.C.     [_George  Spencer,  London.^ 

1878.  Spencer,  Alfred  G.,  Messrs.  George  Spencer,  Moulton  and  Co.,  77  Cannon 

Street,  London,  E.G.     [George  Spencer,  London.l 
1892.  Spencer,  Henry  Bath,  British  Steam  Users'  Insurance  Society,  IManchcster  ; 

and  42  Lansdowne  Road,  Didsbury,  Manchester. 
1877.  Spencer,   John,    Globe  Tube   Works,    Wednesbury;    and   14   Great   St. 

Thomas  Apostle,  London,  E.C.     \_Tuhes,   Wedneshury.      Tubes,  London. 

6504.] 
1867.  Spencer,  John  W.,  Newburn  Steel  Works,  Newcastle-on-Tyne.     INeivhiirn, 

Neivcastle-on-Tijne.'\ 

1885.  Spencer,  Mountford,  Messrs.  Luke  and  Spencer,  Ardwick,  Manchester;  and 

The  Hill,  Teignmouth. 
1854.  Spencer,  Thomas,  Newburn  Steel  Works,  Ne\vcastle-on-Tyue.     [Xeichurn, 

Neweastle-on-  Tyne.'] 
1891.  Spencer,  William,  Messrs.  James  Spencer  and  Co.,  Chamber  Iron  Works, 

Hollinwood,  near  Manchester. 
1885.  Spooner,  George   Percival,  Locomotive    Superintendent,   Bolan   Railway, 

Hirokh,  Beluehistan,   India ;  and   Whitehall  Club.  Parliament  Street, 

Westminster,  S.W. 
1883.  Si^ooner,  Henry  John,  309  Regent  Street,  London,  W- 
1869.  Stabler,  James,  13  Effra  Road,  Brixton,  London,  S.W. 
1877.  Stanger,  George  Hurst,  Queen's  Chambers,  North  Street,  Wolverhampton. 
1875.  Stanger,    William    Harry,    Chemical     Laboratory    and    Testing  Works, 

Broadway,  Westminster,  S.W.     [3117.] 

1888.  Stanley,  Harry  Frank,  Messrs.   Pontifex  and  Wood,  Famngdon  Works, 

Shoe  Lane,  London,  E.C. ;  and  84  Finsbury  Park  Road,  London,  N. 
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1888.  Stannah,  Joseph,  20  Southwark  Bridge  Eoad,  London,  S.E. 
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l^Fluvius,  London.'] 
1888.  Stephenson-Peach,  William  John,  Askew  Hill,  Repton,  Burton-on-Trent. 
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ICroivn,    Glasgow.']  ;     and    28     Victoria     Street,  Westminster,    S.W. 
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1891.  Stevens,  James,  9  and  11  Fenchurch  Avenue,  London,  E.G. 
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Stroud,  Gloucestershire. 

1893.  Steward,  George  Richard,  15  Queen  Street,  Queen  Yictoria  Street,  London, 

E.G. 

1877.  Stewart,  Alexander,  Messrs.  Thornton  and  Crebbin,  Hammerton  Street 

Iron  Works,  Bradford ;  and  3  Southbrook  Terrace,  Bradford. 

1887.  Stewart,  Andrew,  41  Oswald  Street,  Glasgow. 

1878.  Stewart,  Duncan,  Messrs.  Duncan  Stewart  and  Co.,  London  Road  Iron 

Works,  Glasgow.     {_Stewart,  Glasgoio.     531.] 
1851.  Stewart,  John,  Blackwall  Iron  Works,  Poplar,  London,  E.     \_Steamships, 
London.] ;  and  8  Stamford  Avenue,  Preston  Park,  Brighton. 

1888.  Stiff,  William  Charles,  75  Hagley  Road,  Edgbaston,  Birmingham. 
1892.  StUl,  William  Henry,  Aden,  Arabia. 

1880.  Stirling,   James,   Locomotive    Superintendent,   South    Eastern    Railway, 

Ashford,  Kent. 

1885.  Stirling,  Matthew,  Locomotive  Superintendent,  Hull  Barnsley  and  West 

Riding  Junction  Railway  and  Dock  Co.,  Hull. 
1867.  Stirling,  Patrick,  Locomotive  Superintendent,  Great  Northern  Railway, 

Doncaster. 
1888.  Stirling,    Robert,    Locomotive    Department,    Xortli    Eastern    Railway, 

Gateshead. 

1875.  Stoker,  Frederick  William,  6  Consolidated  G(dd  Fields  Buildings,  P.O. 

Box  855,  Johannesburg,  Transvaal,  South  Africa. 
1877.  Stokes,  Alfred  Allen,  Elmcote,  Godalming. 
1892.  Stone,  Edward  Herbert,  District  Engineer,  East  Indian  Railway,  Asansol, 

India. 
1887.  Stone,  Frank  Holmes,  P.O.  Box,  Kingston,  Jamaica. 
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1877.  Stothert,  George  Kelson,  Steam  Ship  Works,  Bristol. 

1888.  Strachan,  James,  70  Frederick  Street,  Gray's  Inn  Eoad,  London,  W.C. 

1892.  Strachan,  John,  29  The  Walk,  Cardiff. 

1888.  Straker,  Sidney,  Messrs.  Straker  Whitworth  and  Co.,  139  Cannon  Street, 

London,  E.G.  \_Rliomhoidal,  London.'] ;  and  240  Stanstead  Eoad,  Forest 

Hill,  London,  S.E. 
1884.  Stronge,  Charles,  Locomotive  Department,  Porto  Alegreand  New  Hamburg 

Railway,  Sao  Leopoldo,  Eio   Grande  do   Sol,   Brazil :    (or   1   Albion 

Street,  Hyde  Park,  London,  W.) 
1873.  Strype,      William     George,     115     Grafton    Street,    Dublin.        [_Strype, 

Didjlin.'] 
1890.  Stutzer,  Waldemar,  Koltchugiu  Brass  and  Copper  Mill  Co.,  Alexandrov 
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1882.  Sugden,  Thomas,   Babcock  and  Wilcox  Co.,  147  Queen  Victoria  Street, 

London,  E.G. 
1890.  Sulzer,  Jacob,  Messrs.  Sulzer  Brothers,  Winterthur,  Switzerland. 
1861.  Sumner,  William,  2  Brazennose  Street,  Manchester. 
1875.  Sutcliffe,  Frederic  John  Ramsbottom,  Engineer,  Low  Moor  Iron  Works, 

near  Bradford. 

1883.  Sutton,  Joseph  Walker,  36  Bedford  Street,  Strand,  London,  W.C. 

1880.  Sutton,  Tliomas,  Carriage  and  Wagon  Superintendent,  Furness  Railway, 

Barrow-in-Furness. 
1882.  Swaine,  John,  9  Miles  Road,  Clifton,  Bristol. 

1884.  Swan,  Joseph  Wilson,  F.R.S.,  57  Holborn  Viaduct,  London,  E.G.;   and 

Lauriston,  Bromley,  Kent. 
1882.  Swinburne,  Mark  William,  Wallsend   Brass  Works,  Newcastle-on-Tyne; 

and  117  Park  Road,  Newcastle-on-Tyne.     ^Bronze,  Wallsend.'} 
1864.  Swindell,  James  Swindell  Evers,  Homer  Hill,  Cradley,  Staffordshire. 
1890.  Swinerd,    Edward,    Superintendent,    Locomotive    Carriage    and   Wagon 

Departments,  Mogyana  Railway,  Campinas,  Brazil :  (or  care  of  Messrs. 

Fry  Miers  and  Co.,  Suffolk  House,  Laurence  Pountney  Hill,  London, 

E.C.) 
1890.  Swinnerton,  Robert  Allen  William,  Executive  Engineer,  Public  Works 

Department,  Bolarum,  Dekkan,  India  :  (or  care  of  Messrs.  Henry  S. 

King  and  Co.,  65  Cornhill,  London,  E.C.) 

1878.  Taite,  John  Charles,  Messrs.  Taite  and  Carlton,  63  Queen  Victoria  Street, 
London,  E.C.  [1618.];  and  The  Corner  House,  Shortlands,  S.O.,  Kent. 

1882.  Tandy,  John  O'Brien,  Locomotive  Department,  London  and  North  Western 
Railway,  Crewe;  and  4  Wellington  Villas,  Wellington  Square,  Crewe. 

1875.  Tangye,  George,  Messrs.  Tangyes,  Cornwall  Works,  Soho,  near 
Birmingham.     [_Tan(ji/cs,  Uirmingliam.'] 
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1889.  Tan^ye,  Harold  Lincoln,  Messrs.  Tangycs,  Cornwall  Works,  Soho,  near 

Birmingham. 
1861.  Tangye,     James,    Messrs.      Tangyes,     Cornwall     Works,     Soho,     near 

Birmingham  ;  and  Aviary  Cottage,  lUogan,  near  Eedruth. 
1879.  Tartt,     William,     May  thorn,     Blindley     Heath,    Godstone,     near     Red 

Hill. 
1393.  Tasker,   Frederick,   Messrs.   Tasker   Sons  and  Co.,  New   Station  Road, 

Sheffield.     ITaslier,  SJieffield.     1005.] 

1876.  Taunton,  Richard  Hobbs,  10  Coleshill  Street,  Birmingham. 

1871:.  Taylor,  Arthur,  Manager,  Sociedad  Anglo-Vasca,  Villanueva  del  Duque, 
Provincia  de  Cordoba,  Spain :  (or  21  Victoria  Road,  Kensington, 
London,  W.) 

1873.  Taylor,  John,  Midland  Foundry,  Queen's  Road,  Nottingham. 

1875.  Taylor,  Joseph  Samuel,  Messrs.  Taylor  and  Challen,  Derwent  Foundry, 
60  and  62  Constitution  Hill,  Birmingham.     [Derivent,  Birmingham.'] 

1874.  Taylor,  Percyvale,  Messrs.  Burthe  and  Taylor,  Paris ;  and  21  Yictoria 

Road,  Kensington,  London,  W. 
1893.  Taylor,  Robert,  Jun.,  Works  Manager,  Messrs.  Asa  Lees  and  Co.,  Soho 

Iron  Works,  Oldham. 
1882.  Taylor,  Robert  Henry,  2  Winchester  Terrace,  Newcastle-on-Tyne. 
1882.  Taylor,  Thomas  Albert  Oakes,  Messrs.  Taylor  Brothers  and  Co.,  Clarence 

Iron  and  Steel  Works,  Leeds. 
1864.  Tennant,  Sir  Charles,  Bart.  (Life  Memher),  The  Glen,  Innerleithen,  near 

Edinburgh. 

1882.  Terry,  Stephen  Harding,  17  Victoria  Street,  Westminster,  S.W. 

1891.  Tetlow,  Ernest,  Messrs.  Tetlow  Brothers,  Bottoms  Iron  Work.^,  Hollinwood,. 
near  Manchester. 

1877.  Thom,  William,  Messrs.  Yates  and  Thorn,  Canal  Foundry,  Blackburn. 
1889.  Thomas,   James    Donnithorne,    25a    Old    Broad    Street,    London,    E.C. 

[Kooringa,  London.'] 
1867.  Thomas,  Joseph  Lee,  2  Hanover  Terrace,  Ladbroke  Square,  Netting  Hill, 

London,  W. 
1888.  Thomas,  Philip  Alexander,  The  Decatur  Mines  Syndicate,  60S  and  60(^ 

Boston  Buildings,  Denver,  Coloiado,  LTnited  States. 
1864.  Thomas,  Thomas,  10  Richmond  Road,  Roath,  Cardiif. 

1874.  Thomas,  William  Henry,  15  Parliament  Street,  Westminster,  S.W. 

1891.  Thompson,  James,  Highfield  Boiler  AVorks,  Ettingshall,  Wolverhamptoru 
[Boiler,  Wolverhampton.] 

1875.  Thompson,  John,  Highfield  Boiler  Works,  Ettingsliall,  Wolverhampton. 

[Boiler,  Wolverhampton.] 

1883.  Thompson,    Richard    Charles,    Messrs.    Robert    Thompson    and     Sons, 

Southwick  Shipbuilding  Yard,  Sunderland. 
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18S0.  Thompson,  Thomas  William,  Eastliam  Fcny  Pier,  near  Birkenhead. 

1887.  Thompson,  William  Phillips,  6  Lord  Street,  Liverpool. 

1875.  Thomson,  James  Mclntyre,  IMessrs.  John  and  James  Thomson,  Finnieston 

Engine     Works,     3G     Finnieston     Street,     Glasgow.       [EngineeritKj, 
Glasgow.'] 
1868.  Thomson,  Jolm,  Messrs.  John  and  James  Thomson,  Finnieston  Engine 
Works,  36  Finnieston  Street,  Glasgow  {^Engineering,   Glasgotv.'] ;    and 
3  Crown  Terrace,  Dowanhill,  Glasgow. 

1889.  Thomson,  Robert  McNider,  Kobe  Engine  Works,  Kobe,  Japan  :  (or  care  of 

William  Hipwell,  Hillside  House,  Sharnbrook,  Bedford.) 
1893.  Tiiornbery,   William    Henry,    Jun.,    38    Bennett's    Hill,    Birmingham. 

{Engineer,  Birmingham.     113.] 
1868.  Thornewill,  Robert,  Messrs.  Thornewill  and  Warham,  Burton  Irou  Works, 

Burton-on-Trent. 
1885.  Thornley,  George,  Messrs.  Buxton  and  Thornley,  Waterloo  Engineering 

Works,  Burton-on-Trent. 
1877.  Thornton,  Frederic  William,  care   of   The   Hydraulic   Engineering   Co., 

Chester. 
1882.  Thornton,  Hawthorn  Robert,  Lancashire  and  Yorkshire  Railway,  Horwich, 

near  Bolton. 

1888.  Thornton,  Robert    Samuel,    West's    Patent    Press   Co.,   Etawah,   North 

Western  Provinces,  India, 

1876.  Thornycroft,  John  Isaac,  F.R.S.,  Messrs.  John  I.   Thornycroft  and  Co., 

Steam  Yacht  and  Launch  Builders,  Church  Wharf,  Chiswick,  London, 

W.     [Thornycroft,  London.'] 
1882.  Thow,    William,    Locomotive   Engineer,  New  South  Wales   Government 

Railways,  Eveleigh  Workshops,  Sydney,  New  South  Wales :  (or  care 

of  Joseph  Meilbek,  13  Victoria  Street,  Westminster,  S.W.) 
1891.  Tilley,  Albert,  care  of  Bernard  Dawson,   York   House,   Malvern  Link, 

Malvern. 

1885.  Tiramermans,  Fiangois,  Managing  Director,  Societe  anonyme  des  Ateliers 

de  la  Mouse,  Liege,  Belgium.     {Societe  Meuse,  Liege.] 
1884.  Timmis,   Illius  Augustus,   2   Great    George   Street,   Westminster,   S.W. 
{Timmis,  London.] 

1886.  Tipping,  Henry,  88  South  Street,  Greenwich,  London,  S.E. 

1890.  Titley,  Arthur,  Beechwood,  Hartopp  Road,  Four  Oaks,  Sutton  Coldfield, 

near  Birmingham. 
1888.  Todd,  Robert  Ernest,  IMechanical  Engineer,  Tucuman,  Estacion  Provincia, 

Argentine  Republic :   (or  care  of  Willir.ui  II.  Todd,  County  Buildings, 

Land  of  Green  Ginger,  Hull.) 
1875.  Tomkins,  William  Steele,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works 

Glasgow  ;  and  28  Victoria  Street,  Westminster,  S.AV. 
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1857.  Tomliuson,  Joseph,  64  Priory  Eoad,  West  Hampstead,  London,  N.W. 
1888.  Topple,  Charles  James,  Machinery  Department,  Koyal  Arsenal,  Woolwich. 
1894.  Touch,  John  Edward,  34  Victoria  Street,  Westminster,  S.W. 
1883.  Tower,  Beauchamp,  5  Queen  Anne's  Gate,  Westminster,  S.W. 
18S9.  Towler,  Alfred,  Messrs.  Hatliorn  Davey  and  Co.,  Sun  Foundry,  Leeds. 
1886.  Towne,  Henry  Robinson,  Yale  and  Tosvne  Manufacturing  Co.,  Stamford, 
Connecticut,  United  States. 

1893.  Townsend,  C.  Collingwood,  Captain  R.A.,  Superintendent,  Gun-Carriage 

Factory,  Madras,  India. 

1890.  Trail,  John,  Marine  Superintendent,  Knott's  Prince  Line  of  Steamers, 

Newcastle-on-Tyne. 

1888.  Travis,  Henry,  Assistant  Superintending  Engineer   and   Constructor  of 

Shipping  to  the  War  Department,  Pioyal  Arsenal,  AVoolwich. 

1889.  Treharne,  Gwilym  Alexander,  Pontypridd ;  and  Aberdare. 
1889.  Trenery,  William  Penrose,  73  Via  Milano,  Genoa,  Italy. 

1883.  Trentham,  William  Henry,  39  Victoria  Street,  Westminster,  S.W. 

1876.  Trevithick,  Richard  Francis,  Locomotive  and  Carriage  Superintendent, 

Japanese  Government  Railways,  Kobe,  Japan:  (or  care  of  Mrs.  Mary 

Trevithick,  The  Cliff,  Penzance.) 

1886.  Trew,  James  Bradford,  High  Street,  Watford,  Herts. 

1887.  Trier,    Frank,   Messrs.    Brunton    and    Trier,   19    Great    George    Street, 

Westminster,  S.W. 
1885.  Trueman,  Thomas  Brynalyn,   Hotel  del  Norte,  Paseo  de  Julio  Esquina, 

Corrientes,  Buenos  Aires,  Argentine  Republic  :  (or  care  of  Thomas  E. 

Trueman,  3  The  Barons,  Twickenham.) 
1887.  Turnbull,  Alexander,  Messrs.  Alexander  Turnbull  and  Co.,  St.  Mungo 

Works,  Bishopbriggs,  Glasgow.     [^Valve,  Glasgow.     1270.] 

1885.  Turnbull,    John,    Jun.,    18    Blythswood    Square,    Glasgow.      [Turbine, 

Glasgow.    59.] 

1894.  Turner,  Albert,  Whitehouse  Machine  Works,  Denton,  near  Manchester. 

[Machines,  Denton.     5.] 
1866.  Turner,  Frederick,  Messrs.  E.  R.  and  F.  Turner,  St.  Peter's  Iron  Works, 

Ipswich.     [Gippeswyk,  Ipswich.^ 
1887.  Turner,  Joshua  Alfred   Alexander,  Inspector,   Commissariat    Mills  and 

Bakeries,  Bombay  Presidency,  Poona,  India. 
1882.  Turner,  Thomas,  Havelock  House,  Shelton,  Stoke-on-Trent. 

1886.  Turner,    Tom     Newsum,    Vulcan     Iron     Works,    Langley     Mill,    near 

Nottingham. 
1876.  Turney,  Sir  John,  Messrs.  Turney  Brothers,  Trent  Bridge  Leather  Works, 
Nottingham.     \_Turney,  Nottingham.'] 

1891.  Tweddell,  Ralph  Hart,  14  Delahay  Street,  Westminster,  S.W.  [Twedddl, 

Westminster,  London.'] 
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1882.  Tweedy,  John,  Messrs.  Wigham  Eichardson  and  Co.,  Newcastle-on-Tyne. 
1856.  Tyler,  Sir  Henry  Whatley,  K.C.B.,  Pymmes  Park,  Edmonton,  Middlesex. 

1877.  Tylor,  Joseph  John,  2  Newgate  Street,  London,  E.G. 

1889.  Tyrrell,  Joseph  John,  Messrs.  Clayton  and  Shuttleworth,  Stamp  End  Iron 
Works,  Lincoln. 

1878.  Unwin,  William  Cawthorne,  F.R.S.,  Professor  of  Engineering,  City  and 

Guilds  of  London  Central  Institution,  Exhibition  Road,  London,  S.W. ; 
and  7  Palace  Gate  Mansions,  Kensington,  London,  W. 
1875.  Urquhart,  Thomas,  Delny  House,  Delny,  R.S.O.,  Ross-shire. 

1880.  Valon,  William    Andrew  Mcintosh,   140  and    141    Temple   Chambers, 

Temple  Avenue,  London,  E.G. ;  and  Ramsgate.     [_Valon,  Bamsgate.'] 
1885.  Vaughan,  William  Henry,  Royal  Iron  Works,  West  Gorton,  Manchester. 

[Vaunthig,  Manchester.     5106.] 
1862.  Vavasseur,   Josiah,    28    Gravel    Lane,   Southwark,    London,   S.E. ;    and 

Eothbury,  Blackheath  Park,  London,  S.E.     [Exemplar,  London.'] 
1889.  Vesian,  John  Stuart  Ellis  de,  5  Crown  Court,  Gheapside,  London,  E.G. 

[Biceps,  London.'] 
1891.  Vicars,  John,  Gillbank,  Boot,  via  Carnforth. 
1865.  Vickers,    Albert,    Messrs.  Vickers    Sons   and   Co.,  River    Don    Works, 

Sheffield. 
1861.  Vickers,   Thomas   Edward,   Messrs.   Vickers   Sons  and   Co.,   River  Don 

Works,  Sheffield. 
1888.  Voysey,  Henry  Wesley,  1  Fordwych  Road,  Bioudesbury,  London,  N.W. 

1883.  Waddell,  James,  9  Ashton  Terrace,  Dowanhill,  Glasgow. 

1856.  Waddiiigtoii,  John,  35  King  William  Street,  London  Bridge,  London,  E.G. 

1879.  Wadia,  The  Hon.  Nowrosjee  Nesserwanjee,  CLE.,  Manager,  Manockjee 

Petit  Manufacturing  Co.,  Tardeo,  Bombay :  (or  care  of  Messrs.  Hick 
Hargreaves  and  Co.,  Soho  Iron  Works,  Bolton.)  [Wadia,  Tardeo, 
Bombay.] 

1882.  Wailes,  George  Herbert,  St.  Andrews,  Watford,  Herts. 

1875.  Wailes,  John  William,  South  Shore,  Gateshi-ad-on-Tyue. 

1884.  Wuiles,  Tiiomas  Waters,  General  Manager,  IMountstuart  Dry  Dock  and 

Engineering  Works,  Cardiff.     [Mountstuart,  Cardiff.] 
1888.  Waister,    William   Henry,  Assistant   Locomotive   Superintendent,   Great 
Western  Railway,  Staftbrd  Road  Works,  Wolverhampton. 

1881.  Wake,     Henry     Hay,     Engineer     to     the     River     Wear     Commission, 

Sunderland. 

1882.  Wakefield,  William,  123  Rathgar  Road,  Dublin. 
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1892.  "Waldron,  Patrick  Lawrence,    R.N.R ,  Iriali   Lights   Service,  Castletown 

Berehaven,  Co.  Cork,  Ireland ;  and  24  St.    Joseph's    Road,   Aughriin 

Street,  Dublin. 
1891.  "Walker,  Arthur  Tannett,  INIessrs.  Tannett  Walker  and  Co.,  Goodman  Street 

Works,  Hunslet,  Leeds. 
1875.  Walker,  George,  95  Leadenliall  Streef,  London,  E.G. 
1890.  Walker,  Henry,  11  Oxford  Terrace,  Gateshead. 
1894.  Walker,  Henry  Claude,  Messrs.  E.  Waygood  and  Co.,  Falmouth  Road, 

Great  Dover  Street,  London,  S.E.     IWatjgood,  London.    4760.] 

1875.  Walker,  John  Scarisbrick,  Messrs.  J.  S.  Walker  and  Brother,  Pagefield 

Iron  Works,  Wigan ;  and  3  Alexandra  Road,  Southport.     [PcigefieM, 
Wigan.'] 
1884.  Walker,  Sydney  Ferris,  Cardiff  Electrical  Works,  Severn  Road,  Cardiff 
[Bynamo,  Cardiff.']  ;  and  Hunter's  Forge,  New  Bridge  Street,  Newcastle- 
on-Tyne.     [Dynamo,  Neiccastle-on-Tyne.'] 

1876.  Walker,  Thomas  Ferdinand,  Ship's  Log  Manufacturer,  58  Oxford  Street, 

Birmingham. 
1878.  Walker,  William,  Kaliemaas,  Alleyne  Park,  West  Dulwich,  London,  S.E. 
[Bromo,  London.'] 

1890.  Walker,  William  George,  47  Victoria  Street,  Westminster,  S.W. 
1878.  Walker,  Zaccheus,  Jun.,  Fox  Hollies  Hall,  near  Birmingham. 
1884.  Wallace,  John,  Backworth  Collieries,  near  Newcastle-on-Tyne. 

1884.  Wallau,  Frederick  Peter,  Messrs.  Harland  and  Wolff,  Belfast. 

1868.  Wallis,    Herbert,    Mechanical   Superintendent,   Grand   Trunk   Railway, 

Montreal,  Canada. 
1893.  Wallwork,    Roughsedge,    Union    Bridge    Iron    Works,    Charter   Street, 

Manchester. 

1891.  Walmsley,  John,  Queen's  Mills,  Huddersfield. 

1865.  Walpole,  Thomas,  Messrs.  Ross  and  Walpole,  North  Wall  Iron  Works, 
Dublin.     [Iron,  Duhlin.     311.] 

1877.  Walton,  James,  28  Maryon  Road,  Charlton,  Kent. 

1881.  Warburton,  John  Seaton,  19  Stanwick  Road,  West  Kensington,  London,  W. 

1882.  Ward,  Thomas  Henry,  24  Church  Lane,  Smethwick,  near  Birmingham. 
1876.  Ward,  William  Meese,  Newton  Villa,  Claremont  Road,  Handsworth,  R.O., 

near  Birmingham. 
1864.  Warden,  Walter  Evers,  Phoenix  Bolt  and  Nut  Works,  Handsworth,  R.O., 

near  Birmingham.     \_Bolts,  Birmingham.] 
1882.  Wardle,  Edwin,  Messrs.  Manning  Wardle  and  Co.,  Boyne  Engine  Works, 

Hunslet,  Leeds.     [Manning,  Leeds.] 
1886.  Warren,  Frank  Llewellyn,  73  Breakspears  Road,  St.  John's,  London,  S.E. 

1885.  Warren,  Henry  John,  Jun.,  Cornwall  Boiler  Works,  Camborne. 
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1885.  Warren,   William,  Chief  Engineer,  Midland  Uruguay  Eailway,  Paysandu, 

Uruguay :  (or  care  of  Walter  Boss,  Hill   Top,  Blythe  Hill,  Catford, 
London,  S.E.) 

1889.  Warsop,  Thomas,  Coniston  Copper  Mines,  Couiston,  S.O.,  Lancashire. 
1858.  Waterhouse,  Thomas  {Life  Member),  Claremont  Place,  Sheffield. 

1891.  Waterous,  Julius  E.,  Waterous  Engine  Works  Co.,  Brantford,  Ontario, 
Canada. 

1881.  Watkins,  Alfred,  58  Fenehurch  Street,  London,  E.G. 
1862.  Watkins,  Richard,  71  Blenheim  Crescent,  London,  W. 

1890.  Watkinson,  William  Henry,    Professor  of   Motive   Power   Engineering, 

Glasgow  and  West   of  Scotland  Technical   College,  38   Bath   Street, 
Glasgow. 

1890.  Watson,  George  Coghlan,  Manganese  Bronze  and  Brass  Co.,  St.  George's 

Wharf,  Deptford,  London,  S.E. ;  and  Granville  House,  Bedford  Park, 
Croydon. 

1882.  Watson,  Htnry  Burnett,  Messrs.  Henry  Watson  and  Son,  High  Bridge 

Works,  Newcastle-on-Tyne.     [Watsons,  Neivcastle-on-Tijne.     439.] 
1879.  Watson,  Sir  William  Benny,  16  Woodlands  Terrace,  Glasgow. 

1891.  Watt,  Charles,  418  Little  Collins  Street,  Melbourne,  Victoria. 
1877.  Watts,  John,  Broad  Weir  Engine  Works,  Bristol. 

1886.  Weatherburn,   Robert,   Locomotive   Manager,   Midland   Railway  Works, 

Kentish  Town,  London,  N.W. 
1894.  Webb,  Henry,  Messrs.  Joseph  Webb  and  Co.,  Irwell  Forge  and  Rolling 

Mills,  Bury,  Lancashire. 
1884.  Webb,  Richard  George,  Messrs.  Richardson   and   Cruddas,  Byculla  Iron 

Works,  Bombay,  India :  (or  care  of  Messrs.  Richard.son  and  Hewett, 

101  Leadenhall  Street,  London,  E.C.) 

1890.  Webster,  John  James,  39  Victoria  Street,  Westminster,  S.W. 

1887.  Webster,  William,  6  Oxley  Road,  Singapore,  Straits  Settlements. 

1883.  Week,  Friedrich,  Lilleshall  Old  Hall,  near  Newport,  Shropshire. 

1891.  Weightman,  Walter  James,  Engineer-in-Chief,  Nilgiri  Railway,  Coonoor, 

Madras,  India. 

1888.  Wellman,  Samuel  T.,  Upland,  Delaware  County,  Pennsylvania,  United 

States. 
1882.  West,  Charles  Dickinson,  Professor  of  Mechanical  Engineering,  Imperial 

College  of  Engineering,  Tokyo,  Japan. 
1876.  West,  Henry  Hartley,  Naval  Architect  and  Engineer,  5  Castle  Street, 

Liverpool.    [Referee,  Liverpool.     5223.] 
1894.  West,  James,  Post  Office,  Koffyfonteiu  Jliucs,  Orange  Free  State,  South 

Africa. 
1894.  West,  John,  Albion  Iron  Works,  Miles  Platting,  Manchester. 
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1891.  West,  Leonard,  Eavenhead  Plate  Glass  Works,  St.  Helen's,  Lancaslnre. 
1874.  West,  Nicholas  James,    Messrs.  Harvey  and  Co.,  18G  Gresham  House, 

Old  Broad  Street,  London,  E.G. ;  and  The  Turret,  West  Heath  Eoad, 

Hampstead,  London,  N.W. 
1877.  Western,    Charles     Robert,     Broadway     Chambers,    Westminster,    S.W. 

{_Do7ihou'es,  London.     3199.] 
1877.  Western,  Maximilian  Eicliard,  care  of  Colonel  We.stern,  C.M.G.,  Broadway 

Chambers,  Westminster,  S.W. 
1862.  Westmacott,  Percy  Graham  Buchanan,  Sir  W.  G.  Armstrong  Mitchell  and 

Co.,  Elswick  Engine  Works,  Newcastle-on-Tyne ;  and  Benwell  Hill, 

Newcastle-on-Tyne. 
1880.  Westmoreland,    John    William     Hudson,    Lecturer     on     Engineering, 

University  College,  Nottingham. 
1880.  Westwood,  Joseph,    Napier  Yard,    IMillwall,    London,    E.      [Westicood, 

London.     5065.] 
1888.  Weyman,   James   Edwardes,   Messrs.    Weyman  and   Hitchcock,    Trusty 

Engine   Works,   Cheltenham  ;  and  Chadborne,    Christ  Church   Eoad, 

Cheltenham. 
1884.  Whieldon,  John  Henry,  75  Ivydale  Eoad,  Nunhead,  London,  S.E. 
1894.  Whitby,  Arthur  George,  The  Limes,  Amersham. 
1882.  White,  Alfred  Edward,  Borough  Engineer's  Office,  Town  Hall,  Hull. 

1887.  White,  Alfred  George,  11  Queen  Victoria  Street,  London,  E.C. 

1888.  White,  William  Henry,  C.B.,  LL.D.,  F.E.S.,   Assistant  Controller   and 

Director    of    Naval    Construction,    Admiralty,     Whitehall,    London, 
S.W. 

1890.  Whitehouse,  Edwin  Edward  Joseph,  Monkbridge  Iron  Works,  Leeds. 
1876.  Whiteley,  William,  Holly  Mount,  Edgerton,  Huddersfiold. 

1891.  Whittaker,  John,  Messrs.  William  Whittaker  and  Sons,  Sun  Iron  Works, 

Oldham. 
1869.  Whittem,  Thomas  Sibley,  Wyken  Colliery,  Coventry. 
1878.  Whytehead,    Hugh    Edward,    Meadowside,    Mayfield    Eoad,    Moseley, 

Birmingham. 
1878.  Wicks,   Henry,   Messrs.  Burn   and   Co.,   Howrali    Iron  Works,  Howrah, 

Bengal,  India:    (or  care  of  John  Spencer,  125  West  Eegent  Street, 

Glasgow.) 
1868.  Wicksteed,  Joseph  Hartley,  Messrs.  Joshua  Buckton  and  Co.,  Well  House 

Foundry,  Meadow  Eoad,  Leeds. 
1891.  Widdowson,    John    Henry,    Britannia    Works,    Ordsal    Lane,     Salford, 

Manchester. 
1878.  Widmark,      Harald     Wilhelm,      Helsingborgs      Mckaniska     Verkstad, 

Helsingborg,  Sweden. 
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1889.  Wigham,   John   Eichardson,   Messrs.   J.    Edmundson  and   Co.,   Stafford 

Works,  35  Capel  Street,  Dublin. 
1881.  Wigzell,  Eustace   Ernest,  Billiter  House,  Billitcr  Street,  London,  E.G. 
IWigzell,  London.     1844.] 

1890.  Wild,  John,  Falcon  Iron  Works,  Oldham.     [Falcon,  Oldham.'] 

1886.  Wildridge,  John,  Messrs.  J.  Wildridge  and  Sinclair,  97  Pitt  Street,  Sydney, 
New  South  Wales :  (or  care  of  E.  Wildridge,  624  Cathcart  Eoad, 
Govanhill,  Glasgow.) 

1890.   Wildy,  William  Lawrence,  42  North  Parade,  Grantham. 

1892.  Wilkinson,  Edward  E.,  63  Middle  Lane,  Homsey,  London,  N. 
1885.  Will  cox,  Francis  William,  45  West  Sunniside,  Sunderland. 

1893.  Williams,  Arthur  Edward,  Eesident  Engineer,  Dagenham  Dock,  Essex. 

1883.  Williams,  Sir  Edward  Leader,  Engineer,   Manchester   Ship   Canal   Co., 

41  Spring  Gardens,  Manchester.     [Leader,  Manchester.     688.] 

1884.  Williams,  John  Begby,  Central  Marine  Engine  Works,  West  Hartlepool. 

1885.  Williams,  Nicliolas  Thomas,  General  Manager,  Wit watersrand  Gold  Mine. 

P.O.  Box  1019,  Johannesburg,  Transvaal,  South  Africa. 
1847.  Williams,  Eichard  (Life  Member),  Brunswick  House,  Wednesbury. 
1890.  Williams,  Thomas  David,  Egremont,  Battle  Eoad,  Ore,  near  Hastino-g. 

1881.  Williams,  William  Freke  Maxwell,  29  Great  St.  Helen's,  London,  E.C. 

[  Wabash,  London.'] 
1873.  Williams,    William    Lawrence,   16   Victoria    Street,   Westminster,    S.W. 

[Snowdon,  London.] 
1889.  Williams,    William    Walton,    Jun.,    87    Elspeth   Eoad,   Lavender    Hill. 

London,  S.W. 

1883.  Williamson,     Eichard,     Messrs.     Eichard     Williamson    and    Son,    Iron 

Shipbuilding  Yard,  Workington;  and  South  Lodge,  Cockermouth. 
1870.  Willman,  Charles,  26  Albert  Eoad,  Middlesbrough. 

1878.  Wilson,  Alexander,  Messrs.  Charles  Cammell  and  Co.,  Cyclops  Steel  and 

Iron  Works,  Sheffield. 

1882.  Wilson,  Alexander  Basil,  Holywood,  Belfast.     [Wilson,  Hohjicood.     201,]' 

1884.  Wilson,   James,   Chief  Engineer  of   the    Daira   Sanleh,   Egypt :    Cairo, 

Egypt. 
1881.  Wilson,  John,  Engineer,  Great  Eastern  Eailway,  Liverpool  Street  Station. 

London,  E.C.     [Wilson,  Eastern,  London.] 
1863.  Wilson,  John  Charles,  St.  Werburgh's,  Eversley  Eoad,  Bexhill-on-Sea. 
1892.  Wilson,  John  Charles  Grant,  Locomotive  Superintendent,  Manila  Eailway, 

Manila,  Philippine  Islands. 

1879.  Wilson,  Joseph  William,  Principal  of  School  of  Practical  Engineering, 

Crystal  Palace,  Sydenham,  London,  S.E. 
1890.  Wilson,  Joseph  William,   Jun.,   Vicc-1'rincipal    of  School  of    Practical 
Engineering,  Crystal  Palace,  Sydenham,  London,  S.E. 
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1880.  Wilson,  Eobert,  10  St.  Bride  Street,  London,  E.C.  ;  and  7  St.  Andrew's 

Place,  Regent's  Park,  London,  X.W. 

1883.  Wilson,  Robert,  13  Victoria  Street,  Westminster,  S.W. 

1890.  Wilson,  Robert  James,  17  Kelvinhaugh  Street,  Glasgow. 

1891.  Wilson,  Thomas,  Morro  Foundry,  Iquique,  Chile. 

1873.  Wilson,  Thomas  Sipling,  Messrs.  Holroyd  Horsfield  and  Wilson,  Larchfield 

Foundry,  Hunslet  Road,  Leeds. 
1888.  Wilson,  Walter  Henry,  Messrs.  Harland  and  Wolff,  Belfast. 

1881.  Wilson,  Wesley  William,  Messrs.  A.  Guinness  Son   and  Co.,  St.  James' 

Gate  Brewery,  Dublin. 
1891.  Wimshurst,  James  Edgar,  Messrs.  William  Esplen,  Son,  and  Swainstou, 

Billiter  Buildings,  22  Billiter  Street,  London,  E.C. 
IS90.  Winder,     Charles    Aston,    Messrs.    Winder    Brothers,    Royds    Works, 

Attercliffe.  Sheffield. 

1886.  Windsor,    Elwin    Wells,   1    Rue    du    Hameau    des    Brouettes,    Rouen, 

France. 
1890.  Wingfield,    Digby  Charles,    Messrs.   E.  Beanes  and  Co.,  Falcon  Works, 
Hackney  Wick,  London,  N.E. 

1887.  Winmill,  George,  Locomotive   and   Carriage  Superintendent,  Oudh   and 

Rohilkund  Railway,  Lucknow,  India  :  (or  Hare  Street,  Romford.) 
1872.  Wise,  William  Lloyd,  46  Lincoln's  Inn  Fields,  London,  W.C.  \_L1oyd  Wise, 
London.     2766.] 

1884.  Withy,    Henry,   Messrs.  Fumess  Withy  and    Co.,  IMiddleton  Ship  Yard, 

West  Hartlepool.    [Withy,  West  Hartlepool.     4.] 
1878.  Wolfe,  John    Edward,   General    Manager,    Alagoas    Railway,    Maceio, 

Brazil :  (or  care  of  Rev.  Prebendary  Wolfe,  Arthington,  Torquay.) 
1878.  Wolfenden,  Robert,  Revenue  Cutter  "Ling  Feng,"  care  of  Commissioner 

of    Customs,  Shanghai,  China:     (or    17    Dudley   Street,   Moss   Side, 

Manchester.) 

1888.  Wolt^",  Gustav  William,  M.P.,  Messrs.  Harland  and  Wolff,  Belfast. 
1881.  Wood,  Edward  Malcolm,  3  "Victoria  Street,  Westminster,  S.W. 

1887.  Wood,   Henry,   Messrs.    John    and    Edward    Wood,  Victoria    Foundry, 

Bolton. 
1880.  Wood,  John  Mackworth,  Engineer's  Department,  New  River  Water  Works, 

Clerkenwell,  London,  E.C. 
1868.  Wood,  Lindsay,  Mining  Engineer,  Southhill,  near  Chester-le-Street. 

1885.  Wood,  Robert  Henry,  15  Bainbrigge  Road,  Headingley,  Leeds. 

1884.  Wood,  Sidney  Prescott,  Semaphore  Iron  Works,  Newport,  Melbourne, 
Victoria:  (or  care  of  H.  W.  Little,  Messrs.  McKenzie  and  Holland, 
Vulcan  Iron  Works,  Worcester.) 

1890.  Wood,  Thomas  Royle,  Assistant  Locomotive  Superintendent,  Sola  Works, 
Ferro  Carril  del  Sud,  Buenos  Aires,  Argentine  Republic. 
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1890.  Wood,  William,  5  Grange  Court  Eoad,  Stoke  Newington,  London,  N. 
1882.  Woodall,  Corbet,  Palace  Chambers,  9  Bridge  Street,  Westminster,  S.W. 

1891.  Woods,  William  Henry,  Messrs.  Hamilton  Woods  and  Co.,  Liver  Foundry 

and    Engine    Works,   Ordsal    Lane,    Salford,   Manchester.      [Sluice, 
Manchester.     1962.] 

1887.  Worger,  Douglas  Fitzgerald,  Assistant  Engineer,  Southwark  and  Vauxhall 

Water  Works,  Southwark  Bridge  Eoail,  London,  S.E. 

1893.  Wormald,  Henry,  Kesident  Engineer,  Ackton  Hall  Colliery,  Featherstone, 

near  Pontefract. 
1874.  Worsdell,  Thomas  William,  Stonycroft,  Arnside,  near  Carnforth. 

1894.  Worsdell,  Wilson,  Locomotive  Superintendent,  North  Eastern  Kail  way, 

Gateshead. 

1877.  Worssam,  Henry  John,  Messrs.  G.  J.  Worssam  and  Son,  Wenlock  Eoad, 

City  Eoad,  London,  N.     [^Massroic,  London.     6656.] 
1886.  Worthington,  Charles  Campbell,  Messrs.  Henry  E.  Worthington,  Hydraulic 
Works,   145  Broadway,  New  York,    United   States:   (or  care  of  the 
Worthington  Pumping  Engine  Co.,  153  Queen  Victoria  Street,  London, 
E.C.) 

1888.  Worthington,  Edgar,  Messrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry, 

Manchester ;  and  New  Home,  Wellington  Road,  Fallowfield,  Manchester. 
1860.  Worthington,  Samuel  Barton,  Consulting  Engineer,  33  Princess  Street, 
Manchester;    and    Mill    Bank,  Vicarage    Lane,   Bowdon,  E.O.,  near 
Altrineham. 

1866.  Wren,  Henry,  Messrs.  Henry  Wren  and  Co.,  London  Eoad  Iron  Works, 

Manchester.     [Wrens,  Manchester.'] 

1881.  Wrench,  John  Mervyn,  Chief  Engineer,  Indian  Midland  Eailway, 
Jhansi,  N.W.  Provinces,  India. 

1876.  Wright,  James,  Messrs.  Ashmore  Benson  Pease  and  Co.,  Stockton-on- 
Tees,     [Wright,  Gasholder,  Stockton.     12.] 

1867.  Wright,  John  Eoper,  Messrs.  Wright  Butler  and  Co.,  Elba  Steel  Works, 

Gower  Eoad,  near  Swansea. 
1859.  Wright,    Josejih,     Metropolitan     Eailway -Carriage    and    Wagon    Co., 
Saltley  Works,  Birmingham  ;   and  The  Gresham  Club,  London,  E.C. 

1878.  Wright,  William  Barton,  Cambridge  House,  Dover. 

1871.  Wrightson,  Thomas,  M.P.,  Messrs.  Head  Wrightson  and  Co.,  Teesdale  Iron 

Works,  Stockton-on-Tees. 
1891.  Wroe,  Josepli,  2G  Park  Avenue,  Manchester,  S.E. 
1891.  Wylde,    Tliomas,    P.  O.     Box    1048,  Johannesburg,    Transvaal,    South 

Africa. 
1886.  Wylie,  James,  Messrs*  James  Wylie  and  Co.,  Stonefield  Engine  Works, 

Blantyre,  Glasgow.     [Wylie,  Blanture.'] 
1865.  Wyllie,  Andrew,  1  Leicester  Street,  Southport. 
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1877.  "Wyvill,  Frederic  Christopher,  19  East  Parade,  Leeds. 

1889.  Yarrow,  Alfred  Fernandez,  Isle  of  Dogs,  Poplar,  London,  E. 

1878.  Yates,  Henry,  Brantford,  Ontario,  Canada. 

1881.  Yates,  Louis  Edmund  Hasselts,  District  Locomotive  and  Carriage 
Superintendent,  Eastern  Bengal  State  Eailway,  Saidpore,  Bengal, 
India :  (or  care  of  Rev.  H.  W.  Yates,  98  Lansdowne  Place,  Brighton.) 

1880.  York,   Francis   Colin,    Locomotive    Superintendent,   Buenos    Aires    and 

Pacific  Railway,  Juuin,  Buenos  Aires,  Argentine  Republic :   (or  care 
of  W.  Hannay,  18  Portland  Street,  Leamington.) 
1889.  Young,  David,  11  and  12  Southampton  Buildings,  London,  W.C. 

1879.  Young,  George  Scholey,  Engineer,  Thames  Iron  Works,  Orchard  Yard, 

Blackrwall,  London,  E. 
1874.  Young,  James,   Managing  Engineer,  Lambton  Engine  and  Iron  Works, 

Fence  Houses. 
1879.  Young,  James,  Salroyd,  21  Cambalt  Road,  Putney,  London,  S.W. 
1892.  Young,  Robert,   Superintending   Engineer,  Penang    Steam    Tramways, 

Penang.  Straits  Settlements. 
1887.  Young,  William  Andrew,  Messrs.  Lobnitz  and  Co.,  Renfrew,  near  Paisley 

[Ldbnitz,  Benfrew.     57,  Paisley.']  ;  and  Millburn  House,  Renfrew,  near 

Paisley. 

1881.  Yoimger,  Robert,  Messrs.  E.  and  W.  Hawthorn  Leslie  and  Co.,  St.  Peter's 

Works,  Newcastle-on-Tyne. 
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1894.  Almond,  Michael,  District  Locomotive  Inspector,  Cape  Government 
Railways,  Queenstown,  South  Africa :  (or  care  of  Robert  Almond,  21 
Hawthorn  Road,  Soutl\  Gosforth,  Newcastle-on-Tyne.) 

1894.  Ambler,  Frank,  Assistant  Resident  Engineer,  Alagoas  Railway,  Maceio, 
Brazil. 

1894.  Anderson,  Tom  Scott,  59  Wilkinson  Street,  Sheffield. 

1894.  Armstrong,  William  Henry, Water  Works,Wellington  Square,  Calcutta,India. 

1894.  Aveline,William  Rebotier,  Messrs.  George  Gahagan  and  Co.,  Bellasis  Road, 
Byculla,  Bombay,  India. 

1888.  Barker,  Eric  Gordon,  Locomotive  Superintendent,  Wirral  Railway,  Dock 
Station,  Birkenhead ;  and  Guyse  House,  Oxton,  R.O.,  near  Birkenhead. 

1893.  Barker,   Frederic   William,   33a   Hammersmith   Broadway,   London,  W. 

[Barker,  Broadwcaj,  Hammersmith.']  ;  and  28  Prebend  Gardens,  Chiswick, 
London,  W. 

1894.  Baron,  Francis  Edward,  Hampton  Wick  Iron  Works,  Kingston-on-Thames. 

[Baron,  Hampton  Wicli.'] 
1893.  Beazley,    Ernest,    3    Carlton     Mansions,    Coldharbour    Lane,    Brixton, 

London,  S.W. 
1893.  Bishop,  Henry,  38  Gresham  Street,  Lincoln. 

1892.  Bromly,    Alfred     Hammond,    Choukpazat    Gold    Mine,    Nankan    Post 

Office,   via   Wuiitho,   Upper    Burma:   (or  Llanuwcbllyn,    near    Bala, 
Merionethshire). 

1893.  Burden,  Alfred  George,  Messrs.  Tangyes,  P.  0.  Box  818,  Johannesburg, 

Transvaal,  South  Africa :   (or  care   of  George  N.  Burden,   Oakfield, 
Teignmouth.) 

1894.  Clark,  James  Lester,  Messrs.  Clark  and  Aiton,  102  Fenchurch  Street, 

London,  E.C.     [Channeled,  London.'] 
1894.  Collis,  Alfred  Edward,  Lincoln  Science  School,  Monk's  Road,  Lincoln. 

1893.  Corkhill,  William,  General  Superintendent,  Asiatic  Steam  Navigation  Co., 

6  Lyons,  Calcutta,  India. 

1894.  Coventry,  Theodore,  Messrs.  Smith  and  Coventry,  Gresley  Iron  Works, 

Ordsal  Lane,  Salford,  Manchester.     [Gresley,  Manchester.     5G4.] 

1893.  Cowcll,  John  Ray,  P.O.  Box  2141,  Johannesburg,  Transvaal,  South  Africa. 
1887.  Crosland,  Dclevaute  William,  22  Royal  Crescent,  Kensington,  London,  W. 

1894.  Dadina,HormuzMinocher,  Consulting  Engineer,  Khetwady,  Bombay,  India. 
1894.  Davey,  Edward  Ernest  George,  49  Great  Marylebone  Street,  London,  W. 
1890.  Davidson,  Albert,  Messr.<s.  Hattersley  and  Davidson,  Arundel  Engincoi  ing 

Works,  14  and  IG  Arundel  Street,  Sliefficld. 
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1890.  Day,  Arthur  Godfrey,  Director  of  Studies,  Science  Art  and  Technical 

Scliools,  Bath. 
1894.  Dickinson,  Harold,  Central  Electric  Lighting  Station,  Yorkshire  House 

to  House  Electricity  Co.,  Whitehall  Road,  Leeds.     lEleciricihj,  Leeds. 

1013.] 
1894.  DuuoUy,  Alan,  Albion  Works,  Hyde,  near  Manchester. 
1894.  Eastmead,  Frederic  James,  39  Victoria  Street,  Westminster,  S.W. 

1892.  Edgeome,  James  Edmund,  Eesideut  Engineer,  Electric   Light   Station, 

Kingston-on-Thames. 

1893.  Edmondson,  Alfred  Richard,  Central  Board  School,  Deansgate,  Manchester. 

1894.  Ewtn,  John  Taylor,  14  Tremadoc  Road,  Clapham,  London,  S.W. 
1894.  Fendick,  Walter,  Gas  Works,  Hemel  Hempstead. 

1894.  Finlayson,  David,  Larbert,  Stirlingshire. 

1894.  Fitz-Gerald,  John  Frederick  Gerald,  2  Kemptou  Villas,  Stain  Hill  Paik, 
Hampton,  Middlesex. 

1892.  Fletcher,  Joseph  Ernst,  Messrs.  Thomas  Firth  and  Sons,  Norfolk  Steel 

Works.  Sheffield. 
1894.  Graham,  Maurice,  Olive  House,  Central  Hill,  Upper  Norwood,  London, 
S.E. 

1893.  Gritton,  Joseph,  97  Highbury  Quadrant,  London,  N. 

1894.  Hadengue,  Charles  Benjamin,  Messrs.  Carew  and  Co.,  Rosa  Sugar  Works, 

Rosa,  North  Western  Provinces,  India. 
1894.  Hall,     Robert     Frederick,     Cycle     Components     Manufacturing      Co., 

Sampson  Road  North,  Sparkbrook,  Birmingham.    [Decimal,  Sparlibrool:. 

606.] 
1894.  Hardy,  William,  Woodview,  Besabrook,  County  Armagh,  Ireland.  . 
1894.  Harris,  Herbert  Nelson,  St.  Michael's  Foundry,  Bridport. 
1S94.  Hawley,  Cecil   Edward,  Mansion   House  Chambers,  11    Queen  Victoria 

Street,  London,  E.C. 
1894.  Henderson,  Arthur  James,  2  Lombard  Court,  Gracechurch  Street,  London, 

EC. 

1893.  Human,  Edwin,  Superintendent,  Technical  School,  Colombo,  Ceylon;  and 

Halifax  House,  Robinson  Street,  Cinnamon  Gardens,  Colombo,  Ceylon. 

1894.  Hyde,  George  Herbert,  Managing  Engineer,  Colombo   Commercial  Co., 

Colombo,  Ceylon. 
1893.  Jenkin,  Charles  James,  Trewirgie,  Redruth. 

1893.  Kershaw,  Thomas,  Technical  School,  Huddersfield. 

1894.  Kerslake,  Walter  Edmund,  34  Great  George  Street,  Liverpool. 

1893.  Kirk,  Percy  Roebuck,  2  Forest  View,  Epping  New  Road,  Buckhurst  Hill, 

S.O.,  Essex. 
1893.  Lea,    Arthur    Henry,    Messrs.   Lea    Sons  and   Co.,  Pengwerne    Works, 

Shrewsbury. 
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1891.  Mansfield,  Edwin  Albert,  1  Aldermanbury  Buildings,  London,  E.G. 

1893.  Manton,  Arthur  Woodroffe,  New  Docks  14  and   15,  H.  M.  Dockyard, 

Portsmouth. 
189i.  McGeorge,    James,    Bombay  Burmah    Trading    Corporation,    Rangoon, 
British  Burmah,  India. 

1894.  Mills,  Arthur  Edwin,  The  Chestnuts,  Wick,  near  Bath. 

1893.  Mitchell,   James   Frederick   Bruce,  Messrs.  J.  F.  B.    Mitchell  and  Co., 

Mazagon  Iron  Works,  Bombay,  India. 

1894.  Monckton,  Charles  John,  Superintendent  Engineer,  Messrs.  T.  H.  Saunders 

and  Co.,  Darenth  Paper  Mill,  near  Dartford. 
1893.  Mountain,  Benjamin,  82  Ravenswood  Terrace,  Hyde  Park,  Leeds. 

1893.  Jloylan,  William  Morgan,  care  of  Blessrs.  Grindlay  and  Co.,  Calcutta, 

India. 

1894.  Murphy,  Edward  Owen,  R.N.R.,  Chief  Engineer,  R.M.S.  "Empress  of 

Japan,"  Vancouver,  British  Columbia. 
1889.  Nasmith,  Joseph,  61  Barton  Arcade,  Manchester. 

1894.  North,  Horace,  St.  George's  Engineering  Works,  Trafalgar  Street,  Brighton. 
1893.  Paterson,   Robert    Mair,  Manager,  Thames   Cycle  Co.,  Barnes,  London, 

S.W. 

1893.  Pertwee,  Herbert  Arthur,  Messrs.  Elliott's  Metal  Co.,  Pembrey  Copper 

Works,  Burry  Port,  R.S.O.,  Carmarthenshire. 

1894.  Poppleton,  Clement  Francis,  Messrs,  Aveling  and  Porter,  Rochester ;  and 

8  Clifden  Road,  Clapton,  London,  N.E. 
1891.  Raleigh,  Charles,  P.O.  Box  1905,  Johannesburg,  Transvaal,  South  Africa. 
1894.  Ramsbottom,  John  Goodfellow,  Messrs.  Beyer  Peacock  and  Co.,  Gorton 

Foundry,  Manchester. 
1893.  Richey,  William  Frederick  Albert,   Messrs.  Chance   Brothers  and   Co., 

Lighthouse  Works,  near  Birmingham. 

1893.  Roberts,  Charles  Thomas,  19  and  23  Chorlton  Chambers,  Johannesburg, 

Transvaal,  South  Africa.     [Roherts,  Engineer,  Johannesburg.'] 
1S94.  Rossiter,    James    Thomas,    Tynwald,     Grove     Park    Road,    Chiswick, 
London,  W. 

1894.  Rowe,   Daniel,    Engineer,    Ferreira    Gold    Mining    Co.,    Johannesburg, 

Transvaal,  South  Africa :  (or  care  of  Mrs.  Rowe,  Trevingey  Terrace, 

Redruth.) 
1894.  Sails,  Henry  Rodolph  do,  Fairacres,  Oxford. 
1893.  Schloesser,  Robert,   P.  O.    Box    209,    Johannesburg,    Transvaal,    South 

Africa  :  (or  care  of  Adolf  Schloesser,  185  Sutherland  Avenue,  London, 

W.) 

1893.  Segundo,  Edward  Carstensen  de,  28  Victoria  Street,  Westminster,  S.W. 

1894.  Smith,  William  Arthur,  Midland  Arches,  Northampton  ;  and  18  Albion 

Place,  Northampton.     [Machinery,  Northamiiton.'] 
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1893.  Stockton,  Joseph  Sadler,  Stopper,  Box,  and  Stamp  Works,  Icknield  Street, 

Birmingham. 

1894.  Stone,  Sidney,  Great  Eastern  Eailway,  Stratford  Works,  London,  E. 
1894.  Sutton,  Hugh  Keginald,  Messrs.  Mackies,  Berks  Iron  Works,  Caversham 

Road,  Reading.    \^Machies,  Beading.     86.] 
1893.  Takateuji,  Narazo,  Superintending  Engineer,  Calico  Weaving  Mill,  Osaka, 
Japan. 

1893.  Talbot,  Frederick  William,  Assistant  Engineer,  Lambeth  Water  Works, 

Surbiton,  Surrey ;  and  7  Prospect  Place,  Long  Ditton,  Surbiton,  Surrey. 

1894.  Taylor,  William,  Messrs.  Taylor,  Taylor,  and  Hobson,  Slate  Street  Works, 

Leicester.     \^Lenses,  Leicester.     134.] 
1893.  Tenney,  Dennis,  53  Trinity  Street,  Hull. 

1893.  Thomasson,  Lucas,  Cotlands,  London  Colney,  St.  Albans. 

1894.  Thomson,  Henry,  Engineer,  Cawnpore  Woollen  Mills,  Cawnpore,  India. 

1893.  Thomson,  James  Watson,  Robert  Gordon's  College,  Aberdeen. 

1894.  Thorpe,  Walter  Charles,  Messrs.  Goddard,  Massey,  and  Warner,  TraflSc 

Street,  Nottingham. 
1893.  Tomes,  William  Jameson,  Locomotive  Department,  London  and   South 

Western  Railway,  Nine  Elms,  London,  S.W. 
1893.  Tomlinson,  William  Augustus,  P.O.  Bos  1978,  Johannesburg,  Transvaal, 

South     Africa:     (or    care    of   John    Tomlinson,    Birthorpe    Manor, 

Billingborough,  near  Folkingliam.) 
1893.  Turner,  Henry   Arthur,  care  of  Arthur  Koppel,  96  Leadenhall  Street, 

London,  E.G. 

1893.  Walker,  Charles  Christopher,  Messrs.  Walker,  Eaton  and  Co.,  Wicker  Iron 

Works,  SheflSeld.     [Founder,  Sheffield.     376.] 

1894.  Wasdell,  Thomas,  Jun.,  Water  Works  Road,  Edgbaston,  Birmingham. 
1893.  Watson,  George,  The  Glenfield  Engineering  Works,  Kilmarnock. 

1893.  Wells,    Sidney    Herbert,     Principal,     Battersea     Polytechnic    Institute, 
Battersea,  London,  S.W. 

1893.  Wilkins,  George    Cornelius,   Sir  W.   G.   Armstrong    Mitchell   and   Co., 

Elswick  Ordnance  Works,  Newcastle-on-Tyne. 

1889.  Willis,  Edward  Turnley,  Hockley  Hall  and  Whateley  Colliery,  Tamworth. 

1890.  Winmill,  Hallett,  P.O.  Box  1161,  Johannesburg,  Transvaal,  South  Africa  : 

(or  care  of  C.  C.  Winmill,  14  Ham  Frith  Road,  Stratford,  London,  E.) 

1894.  Young,  Smelter  Joseph,  Messrs.  E.  Bennis  and  Co.,  Lancashire  Stoker 

Works,  Deansgate  Foundry,  Bolton. 
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1880.  Allen,   William    Edgar,    Imperial    Steel    Works,   Cross  George  Street, 

Sheffield. 

1881.  Barcroft,  Henry,  Bessbrook  Spinning  Works,  County  Armagh,  Ireland ;  and 

The  Gleu,  Newry,  Ireland. 

1889.  Barr,  John,  The  Glenfield  Engineering  Works,  Kilmarnock. 

1886.  Bennisou,  William  Clyburn,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel 
and  Iron  Works,  Sheffield ;  and  38  Wellington  Street,  Higher  Broughton, 
Manchester. 

1890.  Birch,  John  Grant,  10  and  11  Queen  Street  Place,  London,  E.G. 

1892.  Bowman,  Frederic  Hungerford,  D.Sc,  F.R.S.E.,  Mayfield,  Knutsford. 

1888.  Brown,  Harold,  Messrs.  Linklater,  Hackwood,  Addison  and  Brown,  2  Bond 

Court,  Walbrook,  London,  E.C. 

1890.  Burt,  John  Mowlem,  Messrs.  John  Mowlem  and  Co.,  19  Grosvenor  Eoad, 

Pimlico,  London,  S.W. 

1891.  Carter,   Frederick  Heathcote,  9   Oxford   Street,   Manchester.      IGrirder, 

Manchester.'] 

1889.  Castle,  Frederick  George,  The  People's  Palace  Technical  Schools,  Mile 

End  Road,  London,  E. 

1889.  Chamberlain,  John  George,  Messrs.   Joseph   Wright  and   Co.,  Neptune 

Forge,  Tipton. 
1888.  Chrimes,   Charles  Edward,  Messrs.   Guest  and   Chrimes,   Brass  Works, 
Rotherham. 

1890.  Chubb,  Richard,   Messrs.  Gillison    and  Chadwick,  10  Tower  Buildings, 

Liverpool. 

1893.  Clarke,      Edward    Fuhrmann,     Curzon     Ciiambcrs,      Paradise     Street, 

Birmingham ;  and  Four  Oaks,  Sutton  Coldfield,  near  Birmingham. 
1879.  Clowes,  Edward  Arnott,  Messrs.  William  Clowes  and  Sons,  Duke  Street, 
Stamford  Street,  London,  S.E.     [^Clowes,  London.    4558.] 

1892.  Cooper,  Thomas  Lancelot  Reed,  79  Western  Road,  Hove,  near  Brighton. 

1892.  Cryer,  Arthur,  University  College,  Cardiff. 

1893.  Dailingt(jn,    John,    Engine     and     Boiler    Insurance    Co.,    Manchester, 

and  3  Marlborough  Gardens,  Ealing,  London,  W. 
1892.  Davis,    George    Brown,   Palace    Wharf,   Stangate,  London,   S.E. ;    and 

Cambridge  House,  242  South  Lambeth  Road,  Loudon,  S.W. 
1892.  Fauvel,  Charles  James,   15  George  Street,  Mansion  House,  London,  E.C. 

[Charlock,  London.'] 

1891.  Foster,    George,    Hecla    Foundry^  Steel   Works,    Sheffield ;   and    L)Tno 

Villa,  Rotherham. 
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1889.  Golby,  Frederick  William,  36  Chancery  Lane,  London,  W.C. 
1889.  Gotz,    Carl     Johann    "Wilhelm,    Messrs.    John     M.    Sumner    and    Co., 
2  Brazennose  Street,  Manchester. 

1889.  Gregory,  George  Francis,  Boarzell,  Hawkhurst. 

1894.  Hayes,  John,  Messrs.  W.  P.  Thompson  and  Co.,  11  Burlington  Chambers, 

New  Street,  Birmingham. 
1887.  Hind,  Enoch,  Edgar  Rise,  Nottingham. 
1891.  Jackman,  Joseph,   Persberg    Steel  Works,   Pothouse    Eoad,  Atterclilfe, 

Sheffield.     IPersberg,  Sheffield.     94.] 
ISSi.  Jackson,     Edwaid,     Midland     Railway-Carriage    and     Wagon     Works, 

Birmingham.     [TFagron,  Birmingham.'] 
1882.  Jackson,  William,  Kingston  Cotton  Mill,  Hull.     ICottoii,  Hull.'] 
1891.  Jennings,  George   Henry,  Stangate,  Lambeth,   London,  S.E.     [Jenningg, 

London.     4680.] 

1890.  Jennings,  Sidney,  Stangate,  Lambeth,  London,  S-E.     [^Jennings,  London. 

4680.] 
1881.  Lowood,  John    Grayson,   Gannister  Works,  Attorclifife  Road,   Sheffield. 
[^Loioood,  Sheffield.     131.] 

1886.  Mackenzie,  Keith  Ronald,  Gillotts,  Henley-on-Thames. 

1868.  Matthews,   Thomas    Bright,    Messrs.    Turton    Brothers    and    Matthews, 
PhojnLs;  Steel  Works,  Sheffield.     [Matthews,  Sheffield.'] 

1890.  McGillivray,   William,   Messrs.    Austin    McGilliviay  and    Co.,    Falcon 

Works,  Sheffield.    [Austin,  Sheffield.] 

1889.  McKinnel,  William,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel  and  Iron 

Works,  Sheffield. 

1891.  McMeekin,  Adam,  Cogry  Flax  Spinning  Mills,  Doagh  R.S.O.,  Co.  Antrim, 

Ireland. 

1890.  Meggitt,  Samuel  Newton,  Messrs.  Ibbotson  Brothers  and  Co.,  Globe  Steel 

Works,  Sheffield. 
1889.  Miles,    William    Henry,    23    Barnato    Buildings,    and    P.O   Box   1860, 
Johannesburg,  Transvaal,  South  Africa. 

1891.  Monie,  Hugh,  Jun.,  Textile  Section,  Victoria  Jubilee  Technical  Institute, 

Byculla,  Bombay,  India  :  (or  care  of  Hugh  Monie,  Springfield,  Belfast.) 

1892.  Morley,   John,   Sanitary  Engineering  Works,   Palace   Wharf,    Stangate, 

London,  S.E. 

1887.  Neville,   Edward   Hermann,  18  Calle  Alcala,  Madrid,  Spain. 

1886.  Newton,  Henry  Edward,  6  Bream's  Buildings,  Chancery  Lane,  London.E.C. 
1874.  Paget,  Berkeley,   Low  Moor  Iron   Office,   2  Laurence   Pountney   Hill, 

Cannon  Street,  London,  E.C.     [Grijphon,  London.] 
1886.  Peacock,  William  J.  P.,  Wells  Street,  Oxford  Street,  London,  W. ;  and  41 

St.  James'  Street,  London,  S.W. 

1888.  Peake,  Robert  Cecil,  Cumberland  House,  Redbourn,  near  St.  Albans, 
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1887.  Peech,   Henry,   Phoenix    Bessemer    Steel    Works,  near   Sheffield ;    and 
49  Victoria  Street,  Westminster,  S.W. 

1887.  Peech,  William  Henry,  Phoenix  Bessemer  Steel  Works,  near  Sheffield ;  and 

Fernbank,  Koehampton  Park,  London,  S.W. 
1894.  Peters,  Lindsley  Byron,  Messrs.  >Gr.  D.  Peters  and  Co.,  Moorgate  Works, 

Moorfields,  London,  E.G.     {^Peters,  London.'] 
1884.  Phillips,  Kichard  Morgan,  21    to  24   State   Street,  New  York,   United 

States.     {_Sarita,  New  York.'] 
1891.  Pirrie,  John  Barbour,  Barn  Flax  Spinning  Mills,  Carrickfergus,  Co.  Antrim, 

Ireland. 
1891.  Plant,  George,  Moseley  Eoad  School,  Birmingham. 

1891.  Eankin,  Thomas  Thomson,  Principal,  Coatbridge  Technical  School  and 

West  of  Scotland  Mining  College,  Coatbridge. 

1886.  Kaven,  Henry  Baldwin,  Messrs.  Hare  and  Co.,  Temple  Chambers,  Temple 

Avenue,  London,  E.C. 

1892.  Bead,  Ernest  Charles,  Kiverside  Mills,  Dartford. 
1891.  Kochfort,  Bertram,  Caixa  932,  Rio  de  Janeiro,  Brazil. 
1891.  Rowcliffe,  William  Charles,  1  Bedford  Row,  London,  W.C. 

1888.  Eowell,  John  Henry,  New  Brewery,  High  Street,  Gateshead. 

1890.  Schofield,  John  William,  Messrs.  Gregory  and^  Bramall,  Soho  Steel  and 

File  Works,  Sheffield. 

1887.  Scott,  Walter,  Victoria  Chambers,   Grainger  Street  West,  Newcastle-on- 

Tyne.     [^Contractor,  Newcastle-on-Tijne.'] 

1893.  Simpson,  Edward  Percy,  Messrs.  Simpson  and  Co.,  101  Grosvenor  Road, 

Pimlico,  London,  S.W. 

1891.  Spencer,  Francis  Henry,    P.O.  Box  1338,  Johannesburg,  Transvaal,  South 

Africa. 

1892.  Stead,  John  Edward,  5  Zetland  Road,  Middlesbrough. 

1886.  Stumore,  Frederick,  34  Leadenhall  Street,  London,  E.C. 

1890.  Taylor,  John,  99  and  101   Fonthill  Road,  Finsbury  Park,  London,  N.  ; 

and  Stockport. 

1887.  Tozer,  Edward  Sanderson,  Phoenix  Bessemer  Steel  Works,  near  Sheffield. 

1893.  Wadham,  Arthur,  171  Queen  Victoria  Street,  London,  E.C.     [Wadham, 

London.'] 
1878.  Watson,  Joseph,  Patent  Office,  2.5  Southampton  Buildings,  London,  W.C. 
1892.  Whitehead,   Richard  David,  Municipal   Technical   College,  Green  Hill, 

Derby. 
1892.  Widdows,  Francis  R.,  Messrs.  Colman's  Mustard  Slills,  Carrow  Works, 

Norwich. 
1883.  Williamson,  Robert  S.,  Cannock  and  Rugelcy  Collieries,  Heduesford,  near 

Staffi)rd. 

1891.  Wiseman,  Edmund,  Chcapside  and  John  Street,  Luton.    [^'Wiseman,  Luton. 
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1892.  Adams,    Sidney   Rickman,  care  of  Henry   Adams,  3   Colville    Square, 

Bayswater,  London,  W. 
1885.  Addis,  Frederick  Henry,  District  Locomotive  Superintendent,  Rajputana- 
Malwa  Railway,  Sirsa,  Punjaub,  India :  (or  care  of  Messrs.  Grindlay 
and  Co.,  55  Parliament  Street,  London,  S.W.) 

1893.  Alderson,  Charles  Albert  Heselton,  Messrs.  Ruston  Proctor  and  Co.,  Sheaf 

Iron  "Works,  Lincoln;  and  13  Cheviot  Street,  Lincoln. 
1890.  Alderson,    George    Alexander,     Norland    House,    Ramleh,   Alexandria, 
Egypt. 

1894.  Ambrose,   Sewell   Powis,  56   Vyse   Street,  Hockley,  Birmingham ;    and 

Swaffham  Prior,  Cambridgeshire. 
1882.  Anderson,  William,  Locomotive    Department,   North    Eastern  Railway, 

Gateshead. 
1878.  Appleby,  Charles  Tallis,  St.  George's  Iron  Works,  Manchester. 

1889.  Abhford,  John,  Municipal  Technical  School,  Midland  Institute,  Paradise 

Street,  Birmingham. 

1890.  Aubin,  Percy  Adrian,  29  St.  James'  Street,  St.  Helier's,  Jersey. 

1894.  Aylesbury,  Thomas  Antram,  The  Elms,  Carshalton  Road,  Sutton,  Surrey. 

1888.  Bailey,  Wilfred  Daniel,  India-rubber  Gutta-percha  and  Telegraph  Works, 

Casilla  de  Correo  1212,  Buenos  Aires,  Argentine  Republic. 
1894.  Barber,  Edward  Wiiitley,  6  Victoria  Station  Approach,  Manchester. 

1889.  Barrow,  Arthur  Robert  J\Iaciean,  care  of  Messrs.  William  W^.tson  and  Co., 

28  Apollo  Street,  Bombay,  India :  (or  care  of  Mrs.  Barruw,  Holly  Grove, 

Fittleworth,  Pulboruugh.) 
1893.  Bealey,  Harold  Edward,  Messrs.  Bolckow  Vauglian  and  Co.,  Cleveland 

Iron   and   Steel  Works,    South    Bank,    R.S.O.,  Yorkshire ;    and   The 

Vicarage,  Middlesbrougii. 
1893.  Bedbrook,  James  Albert  Harvey,  Haresfield,  Blenkarue  Road,  AVandsworth 

Common,  London,  S.W. 
1888.  Bell,  Alexander  Diroiu,  182  Great  Clowes  Street,  Broughton,  Manchester. 
1884.  Bell,  Robert  Arthur,  As^i»tant  Locomotive  and  Carriage  Superintendent, 

South   Indian  Railway,  Cuddalore  (New  Town),  Madras,  India :    (or 

care  of  Mrs.  Bell,  30  Brompton  Crescent,  Loudon,  S.W.) 

1890.  Bell,  William  Thoma:?,  Sunny  Mount,  Yarborou;4h  Road,  Lincoln. 

1888.  Bradley,  Arthur  Ashworth,  Princess  Estate  and  Gold  Mining  Co., 
Roodepoort,  near  Johannesburg,  Transvaal,  South  Africa :  (or  care  of 
Rev.  Gilbert  Bradley,  St.  Edmund's  Vicarage,  Dudley,  Worcestershire.) 
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1887.  Bremner,  Bruce  Laing,  21  Langworthy  Eoad,  Manchester  :  (or  Streathara 

House,  Canaan  Lane,  Edinburgh.) 
1894.  Britten,  Thoniiis,  Messrs.  Robey  and  Co.,  Globe  Iron  Works,  Lincoln. 
1890.  Brousson,  Rf)bert  Percy,  City  and  Guilds  of  London  Central  Institution, 

Exhibition  Road,  London,  S.W. 

1889.  Brown,  Arthur  Selwyn,  Hayes  Street,  Neutral  Bay,  Sydney,  New  South 

Wales. 
1893.  Bruce,  Robert  Arthur,  Messrs.  Hick  Hargreaves  and  Co.,  Soho  Iron  Works, 

Crook  Street,  Bolton. 
1880.  Buckle,  William  Harry  Ray,  11  Billiter  Buildings,  49  Leadenhall  Street, 
.    London,  E.C. 

1892.  Bulwer,  Ernest  Henry  Earle,   Messrs.  George  Fletcher  and  Co.,  Poplar 

Iron  Works,  King  Street,  Poplar,  London,  E. 

1890.  Burne,  Edward  Lancaster,  Messrs.  Weyman  and  Hitchcock,  Church  Acre 

Iron  Works,  Guildford. 

1893.  Burtt,     Gt  orge    Frank,    Locomotive     Department,    London    Brighton 

and     South   Coast    Railway,    Brighton  ;    and    37    Bonchurch    Road, 
Hassocks,  R.S  O.,  Sussex. 

1891.  Butcher,  Walter  Edward,  Messrs.  Weyman  and  Hitchcock,  Trusty  Engine 

Works,  Cheltenham. 
1891.  Buttenshaw,  George  Eskholmc,  Messrs.  Guest  and  Chrimes,  Brass  Works, 
Rotherham. 

1889.  Calastreme',  John  Carlos,  care  of  Robert  Weatherburn,  93  Highgate  Road, 

London,  N.W. 
1891.  Caswell,   Chailes   Henry,   Naval   Construction   and   Armaments    Works, 

Barrow-in-Furness. 

1894.  Cater,  John  Mcllvaine,  Southdown,  The  Downs,  Wimbledon. 

1889.  Challen,  Walter  Bernard,  Messrs.  Taylor  and  Challen,  Durwent  Foundry, 

60  and  62  Constitution  Hill,  Birmingham. 

1890.  Chatwood,  Arthur  Brunei,  Chatwood's  Safe  and  Lock  Co.,  7G  Newgate 

Street,  London,  E.C. 

1891.  Church,  Harry,  Ingeniero,  para  la  Colonia  San  Gustiivo,  La  Paz,  Entre 

Rios,  South  Anicrira :  (or  care  of  George  Church,  Williijgton,  Bedford.) 
1890.  Cleeves,  John  Freileiick,  Messrs.  E.  A.  Cleeves  and  Co.,  3  Mileage  Wharf, 
Westbourne  Park  Road,  London,  W. 

1892.  Cleverly,  William  Bartholomew,  Messrs.  John  Brown  and  Co.,  Perseverance 

Works,  6  Bow  Common  Lane,  London,  E. 
1885.  Clift,  Leslie  Everitt,  1  Holborn  Place,  High  Holborn,  London,  AV.C. 
1892.  CoUingiidge,   Harvey,  Messrs.    S.  Pearson  and  Son,  Blackball  Tunnel 

Works,   East    Greenwich,    London,    S.E. ;     and    Ingleborough,   The 

Rid;iway,  Enlield. 
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1889.  Cook,  George  Norcliffe,  Messrs.  Thomas  Firtli  and  Sons,  Norfolk  "Works, 

Sheffield. 

1888.  Cox,  Herbert  Henry,  Hillside,  Falmouth. 

1891.  Cutler,  Samuel,  Jun.,  Messrs.  Samuel  Cutler  and  Sons,  Providence  Iron 
Works,  Mill  wall,  London,  E. 

1894.  Darwood,  John  William,  Ahlone,  Kangoon,  Burma. 

1884.  Dixon,  John,  Eastwood  Villa,  Lytham,  near  Preston,  Lancashire. 

1893.  Douglas,    William    Saunders,    Consett    Iron    Works,    Consett,    E.S.O., 

County   Durham  ;  and   60  Durham  Road,   Blackhill,  R.S.O.,   County 

Durham. 
1891.  Douglass,  Alfred  Edwards,  South  Staffordshire  Water  Works,  Paradise 

Street,  Birmingham. 
1891.  Duncan,   Martin   Gordon,  Lexden,  G3   Elmfield   Road,  Upper  Tooting, 

London.  S.W. 

1891.  Edwards,  Herbert  Francis,  Messrs.  Forster  Brown  and  Rees,  Guild  Hall 
Chambers,  Cardiff. 

1885.  Edwards,  Walter  Cleeve,  care  of  the   Venerable  Archdeacon   Edwards, 

Dunedin,  New  Zealand. 

1893.  Fox,  Frederick  Joseph,  49  Farquhar  Road,  Upper  Norwood,  London,  S.E. 

1894.  Fry,  Henry  Walter,  Locomotive  Department,  London  Brighton  and  South 

Coast    Railway,    Brighton ;    and    Leydenburgh,    Port    Hall    Street, 
Brighton. 

1890.  Garrett,  Frank,  Jun.,  Messrs.  Richard  Garrett  and  Sons,  Leiston  Works, 

Leiston,  R.S.O.,  Suffolk. 

1891.  Gillatt,  Thomas  Stanley,  care  of  A.  C.  Chamberliu,  Kelburne  Estate, 

Haputalia,  Colombo,  Ceylon:  (or   care  of  Mrs.  Gillatt,  Broomknowe, 
Row,  Dumbartonshire. 
1891.  Gregory,   Henry   Hodges    Mogg,    Messrs.    Sanders   and   Co.,   Rivington 
Works,  Rivington  Street,  Great  Eastern  Street,  London,  E.C. 

1894.  Halsey,  Charles  Turner,  Womersley  House,  Dickenson  Road,  Hornsey, 

London, N. 
1890.  Hatton,   Thomas  Reginald,   Grosvenor    House,   Gloucester  Road,   Ross, 

Herefordshire. 

1889.  Hayward,  Robert  Francis,  Salt  Lake  and  Ogden  Gas  and  Electric  Light 

Co.,  Salt  Lake  City,  Utah,  United  States. 
1877.  Heatou,  Arthur,  Messrs.  Heaton   and  Dugard,  Metal  and  Wire  Works, 

Shadwell  Street,  Birmingham.     [Heagard,  Birmingham.'] 
1874.  Hedley,  Thomas,  Room  20,  Sherlock  Building,  Portland,  Oregon,  United 

States. 
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1893.  Heiniich,  Herbert  Eodolph,  Melbourne  House,  Worple  Eoad,  "Wimbledon. 

1894.  Hodges,  Frank  'William,  Messrs.   Alexander  "Wilson  and  Co.,   Vauxliall 

Iron     "Works,    Wandsworth     Eoad,    London,    S."W'. ;      and     Tullgam, 

37  Cromwell  Eoad,  "West  Brighton,  Brighton. 
1891.  Hodgson,    "William  James,    Central    Chemical   Co.,   182  London   Eoad, 

Nottingham. 
1887.  Hogg,  "William,  Craigmore,  Blackiock,  Dublin. 
1894.  Hollingsworth,  Edward  Massey,  Corporation  Gas  "Works,  "Warrington  Old 

Eoad,  St.  Helen's,  Lancashire. 
1884.  Holt,  Follett,  Ferro  Carril  Buenos  Aires  y  Eosario,  La  Banda,  Argentine 

Eepublic:    (or  cave  of  Robert  Hallett  Holt,  Land  Eegistry,  Staple 

Inn,  Holborn,  London,  "W.C.) 
1889.  Hosgood,  Thomas  "Watkin,  Sketty,  near  Swansea. 
1891.  Hosgood,    "Walter     James,   Locomotive    Department,    Barry    Dock    and 

Eailways,  Barry,  near  Cardiff. 
1889.  Hosken,  Arthur  Fayrer,  Locomotive  Department,  Caledonian  Eailway, 

St.  Eollox,  Glasgow. 

1889.  Howard,  GeofTrey,  Britannia  Iron  Works,  Bedford. 

1883.  Howard,  Harry  James,  Messrs.  Colman's  Mustard  Mills,  Carrow  Works, 

Norwich. 
1891.  Hughes,  Edward  Sinclair  Bremner,  Madgefield,  Helensburgh. 

1894.  Ironside,  William  Allan,  Messrs.   Ironside,   Gyles   and   Co.,  1    Gresham 
Buildings,  Guildhall,  liOndon,  E.G. 

1894.  Jamieson,   James  Lindsay  Auldjo-,  Messrs.  Hawthorn   Leslie  and   Co., 

St.  Peter's  Works,  Newcastle-oii-Tyne. 
1894.  Johnson,   Walter   Wroe,    Castleton    Foundry   and    Engineering   Works, 

Armley  Eoad,  Leeds. 

1890.  Jones,  Arthur  Dansey,  Locomotive  Department,  Lancashire  and  Yorkshire 

Eailway,  Wakefield ;  and  1  Hanover  Place,  Doncastcr  Eoad,  Wakefield. 

1891.  Jordan,  Frederic  William,  42  Wells  Street,  Mortimer  Street,  Cavendish 

Square,  London,  W. 
1889.  Joy,  Basil  Humbert,  17  Victoria  Street,  Westminster,  S.W. ;  and  Manor 
Eoad  House,  Beckenham. 

1883.  Lander,  Philip  Vincent,  Lyndhurst,  Hampton  W^ick,  E.G.,  Kingston-on- 

Tliaiues :     (or    care    of   W.    W.    Lander,    ImjK'rial    Ottoman    Bank, 

2G  Throgmorton  Street,  London,  E.G.) 
1894.  Larmuth,  William  Oliver,  Messrs.  Thomas  Larmuth  and  Co.,  Todleben 

Iron  Works,   Unwin   Street,   Cross   Lane,   Salford,   Manchester;   and 

48  Fitzwairen  Street,  Pendleton,  Manchester. 
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1881.  Lawson,    James    Ibbs,    Eesident     Engineer,    New    Zealand    Eailways, 

Wanganui,  New  Zealand. 
1886.  Lewis,  William  Thomas,  Jun.,  Engineer's  Office,  Bute  Docks,  Cardiff;  and 

89  Albany  Koad,  Cardiff. 
1894.  Lloyd,  Thomas  Zachary,  Messrs.  Nettlefolds,  Smetliwick,  Birmingham ; 

and  Areley  Hall,  Stourport. 

1881.  Macdonald,  Kanald  Mackintosh,  Messrs.  Booth  Macdonald  and  Co., 
Carlyle  Engineering  and  Implement  Works,  Christchurch,  New  Zealand  ; 
and  P.O.  Box  267,  Christchurch,  New  Zealand. 

1883.  Mackenzie,  Thomas  Brown,  Messrs.  J.  Copeland  and  Co.,  Pulteney  Street 
Engine  Works,  Glasgow ;  and  342  Duke  Street,  Glasgow. 

1893.  Mackesy,  Walter,  17  Campden  House  Eoad,  Kensington,  London,  W. 

1894.  Mansfield,  Alfred,  Messrs.  P.  Orr  and  Sons,  Madras,  India. 

1894.  Mansfield,  Walter,  Messrs.  Edwin  Mansfield  and  Sons,  140  Great  Clowes 

Street,  Broughton,  Manchester.     \_Gasliglit,  Manchester.'] 
1868.  Mappin,    Frank,    Messrs.     Thomas    Turton    and    Sons,    Sheaf   Works, 

Sheffield. 
1892.  Marks,  Alfred  Pally,  155  Adelaide  Eoad,  London,  N.W. 
1889.  Marshall,  Frank  Theodore,  Messrs.  E.  and  W.  Hawthorn  Leslie  and  Co., 

St.  Peters  Works,  Newcastle-on-Tyne. 
1SS8.  Marten,  Hubert    Bindon,  Contractor's   Office,  Manchester,  Sheffield  and 

Lincolnshire  Railway,  Leicester ;  and  Pedmore,  Stourbridge. 
1886.  Mattos,  Alvaro  Gomes  de,  98  Eua  da  Sande,  Eio  de  Janeiro,  Brazil :  (or 

care  of  Messrs.  Fry  Miers  and  Co.,  Suffialk  House,  5  Laurence  Pountney 

Hill,  London,  E.C.) 

1892.  Miles,  Frederick  Hudson,  Locomotive   Department,    London   and  South 

Western  Eailway,  Nine  Elms,  London,  S.W. 

1891.  Mills,  Matthew  William,  Moss  Foundry,  Heywood,  near  Manchester. 

1867.  Mitchell,  John,  Heathercliffe  Lodge,  Penistone. 
1894.  Moon,  Edgar  Eupert,  9  Gloucester  Terrace,  Swindon. 

1868.  Moor,  William,  Ocean  House,  Hartlepool. 

1893.  Morgan,  George  Herbert,  University  College,  Liverpool. 

1892.  Murray,  David  James,  62  Lloyd  Street,  Greenheys,  Manchester. 

1878.  Newall,  John  Walker,  Suffolk  House,  Laurence  Pountney  Hill, 
London,  E.C. 

1883.  O'Connor,   John   Frederick,   16  and    18    Exchange  Place,    New    York, 

United  States. 
1883.  Osborn,  William  Fawcett,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel 

and  Iron  Works,  Sheffield. 
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1892.  Osmond,    Frederick    John,    The    Tower,    Bagot     Street,    Birmingham. 

^Osmond,  Birmingham.     550.] 
1881.  Oswell,  William  St.   John,  Messrs.   Oswell  and   Henry,   Calle  Defensa 

117  al  119,  Buenos  Aires,  Argentine  Republic. 

1883.  Palchoudhuri,  Bipradas,  Moheshgunj  Factory,  Krishnugher,  Bengal. 
1887.  Paterson,  John  Edward,  Chief  Mechanical  Engineer's  OflSce,  New  South 

Wales  Government  Railways,  Wilson  Street,  Eveleigh,  Sydney,  New 

South  Wales. 
1892.  Payton,  Frank  John,  Boiler  Insurance  and  Steam  Power  Co.,   67  King 

Street,  Manchester. 
1894.  Better,  Percival  Waddams,  The  Foundry,  Yeovil. 
1890.  Philipson,  John,  Jun.,  Messrs.  Atkinson  and  Philipson,  27  Pilgrim  Street, 

Newcastle-on-Tyne.     [^Carriage,  Neiccastle-on-Tijne.     415.] 

1884.  Philipson,  William,  Messrs.  Atkinson  and  Philipson,  27  Pilgrim  Street, 

Newcastle-on-Tyne.     [Carriage,  Newcastle-on-Tyne.     415.] 
1890.  Powell,  Frederick,  York  House,  Malvern  Link,  Malvern. 

1892.  Power,  Artliur  Cyril,  17  Fordwych  Road,  Brondesbury,  London,  N.W. 

1893.  Price,  William  Frederick,  Corporation  Electricity  Works,  Cotton  Street, 

Aberdeen. 

1887.  Price- Williams,  John   Morgan,   28    Ormiston    Road,   Westcombe  Park, 

Blackheath,  London,  S.E. 

1892.  Ransom,  Herbert  Byrom,  Messrs.  Manlove  AUiott  and  Co.,  57  Gracechurcli 
Street,  London,  E.C. 

1894.  Readhead,  Robert,  Jun.,  Messrs.  John  Readhead  and  Sons,  West  Docks, 

South  Shields. 

1892.  Redfern,  Charles  George,  122  Bethune  Road,  Stamford  Hill,  London,  N. 

1884.  Reynolds,  Thomas  Blair,  28  Victoria  Street,  Westminster,  S.W. 

1894.  Richmond,  William  Frederick,  Great  Brunswick  Ironworks  and  Foundry 
Co.,  Sir  John  Rogerson's  Quay,  Dublin;  and  261  Norwood  Road,  Heme 
Hill,  London,  S.E. 

1892.  Ridley,  James  Cartmell,  Jun.,  3  Summerhill  Grove,  Newcastle-on- 
Tyne. 

1889.  Roope,    Walter,    Stisted,    Badulla,    Ceylon:    (or    care    of   Mrs.    Roope, 

Hangerfield,  Witley,  Godalniing.) 
1884.  Roux,  Paul  Louis,  54  Boulevard  du  Temple,  Paris. 

1888.  Riimniele,  Alfredo,  17  Via  Principe  Umberto,  Milan,  Italy. 

1894.  Russell,  William  Colin,  Gwalia  Tin-Plate  Works,  Briton  Ferry;  and 
Hafod,  Swansea. 

1890.  Sanders,  Percy  Henry,  Messrs.  H.  G.  Sanders  and  Son,  Victoria  Works, 

Victoria  Gardens,  Netting  Hill  Gate,  London,  W. 
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1890.  Saxelby,    Herbert    Eaffaelle,   7    and    8   Ironmonger    Lane,    Cheapside, 

London,  E.G. 
1892.  Scarfe,  George  Norman,  care  of  George  Scarfe,  Gawier  Place,  Adelaide, 

South  Australia. 
1881.  Scott,  Ernest,  IMessrs.  Ernest  Scott  and  Mountain,  Close  "Works,  Newcastle- 

on-Tyne.    [Esco,  Newcastle-on-Tyne.     432.] 

1892.  Seymour,   William   Frederick    Earl,   Engineer's   Office,   Great    Western 

Eailway,  Swindon. 

1893.  Sharpley,  George  Kuston,  Messrs.  Euston  Proctor  and   Co.,  Sheaf  Iron 

Works,  Lincoln. 

1892.  Shepherd,  James  Horace,  Great  Western  Eaihvay,  Swindon. 

1886.  Silcock,  Charles  Whitbread,  12  Arlington  Eoad,  Surbiton. 

1887.  Simkins,  Charles  Wickens,  Jun.,  Amguri  Tea  Estate,  Amguri  Post  Office, 

Sibsagar,  Assam,  India  :  (or  care  of  Cliarles  W.  Simkins,  The  Lodge, 
Lowdham,  near  Nottingham.) 

1893.  Simon,  Ingo,  20  Mount  Street,  Manchester. 

1894.  Simpson,  Lightly  Stapleton,  Trinity  College,  Cambridge;  and  16  Kent 

Terrace,  Eegent's  Park,  London,  N.W. 
1894.  Skinner,  Eussell  Foster,  57  Lupus  Street,  Pimlico,  London,  S.W.  ;   and 
6  Cambridge  Eoad,  Brighton. 

1891.  Smith,    Joseph    Philip    Grace,    Polytechnic     Scliool     of    Engineering, 

309  Eegent  Street,  London,  W. 

1891.  Snell,  John  Francis  Cleverton,  St.  Pancras  Electricity  and  Public  Lighting 

Department,  47  Stanhope  Street,  London, N.W.  ;  and 79  St.  Augustine's 
Eoad,  Camden  Square,  London,  N.W. 

1892.  Stokes,  Frank  Torrens,  P.O.  Box  1355,  Johannesburg,  Transvaal,  South 

Africa. 
1894.  Suffield,  Frank  Wilson,  IMessrs.  Samuel  Fisher  and  Co.,  Nile  Foundry, 
Nile  Street,  Birmingham. 

1887.  Tabor,  Edward  Henry,  Blackwall  Tunnel  Works,  East  Greenwich,  London, 

S.E 
1885.  Tangye,   John    Henry,  Messrs.   Tangyes,   Cornwall  Works,    Soho,  neai 

Birmingham. 
1884.  Taylor,  Josepli,  24  Hawthorn  Grove,  Heaton  Moor,  near  Stockport. 
1884,  Taylor,  Maurice,  39  Eue  de  Lisbonne,  Paris. 
1894.  Thorpe,  Wilfred  Bertram,  Messrs.  Alexander  Wilson  and  Co.,  Vauxhall 

Iron  Works,  Wandsworth  Eoad,  London,  S.W. ;  and  20  Larkhall  Else, 

Clapham,  London,  S.W. 

1891.  Vaizey,   John    Leonard,    Locomotive    Works,    Great    Eastern    Eailway, 
Stratford,  London,  E. ;  and  G  Grove  Crescent,  Stratford,  London,  E. 
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1892.  Vezey,  Albert  Edward,  Elootrical  DepnrtiiiPiit,  London  and  North  Western 
Railway  Works,  Crowe. 

1888.  Waddington,  Samuel  Sn2:don,  .S5  King  William  Street,  London  Bridge, 

London,  E.G. 
1885.  Wakefield,  William  ]\Tnrsilon.  Messrp.  John  King  and  Co.,  ?.0  Stranil  Road, 

Calcutta,  India. 
1888.  Waring,  Henry,  Engineer,  Dublin  Laundry  Co.,  Milltown,  near  Dublin. 
1892.  Warton,  Richard  George  Frank,  Westerleigh,  Llandaflf,  near  Cardift". 
18SG.  Wesley,  Josepii  A.,  Clarke's  Crank  and  Forge  Works,  Lincoln. 
1880.  Weymouth,     Francis     Marten,     27     Couithope    Yilla.s.    Wnrple    Roaii, 

Wimbledon. 

1888.  Wbichello,  Ricliard,  Messro.  Max  Nothmann  and  Co.,  Rio  de  Janeiro, 

Brazil :  (or  44  Trumpington  Street,  Cambridge.) 
1894.  Whitelegg,  Robert  Harben,  Locomotive  Department,  London  Tilbury  and 
Southend  Railway,  Plaistow,  London,  E. 

1889.  Wigliam,  Jolin  Cuthbert,  Messrs.  J.  Edniundson  and  Co.,  Sta fiord  Works, 

35  Capel  Street,  Dublin. 

1892.  Williams,  Arthur  Edward,  Messrs.  Bramwell  and  Harris,  5  Great  George 

Street,  Westminster,  S.W. 

1890.  Wilson,  Alexander  Cowan,  Osgathorpe  Hills,  Shenield. 

1893.  Wort,  Walter  Edward,  Messrs.  H.  A.  House  and  Sons,  Columljine  Ship 

Yard,  East  Cowes,  Isle  of  Wight. 
1887.  Wrench,  John  Henry  Kirke,  173  West  Huron   Street,  Chicago,  United 
States  :  (or  care  of  E.  M.  Wrench,  Park  Lodge,  Baslow,  Cliesterfield.) 

1889.  Wright,  Howard  Theophilus,  IC  Great  George  Street.  Westniin.ster,  S.W. 

1890.  Wright,  William  Carthew,  General  Post  Oflice,  Mell)Ourne,  Victoria  :  (or 

care  of  Dr.  Gaskoin  Wnglit,253  Eccles  New  Road,  Salford,  Manchester.) 

1891    Yerbury,  Frederick  Augustus,  17  Victoria  Street,  Westminster,  S.W. 
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PROCEEDINGS 


July  1894. 


The  SuMMEE  Meeting  of  the  Institution  was  held  in  Manchester, 
commencing  on  Tuesday,  31st  July  1894,  at  Ten  o'clock  a.m. ; 
Professor  Alexander  B.  W.  Kennedy,  LL.D.,  F.K.S.,  President,  in 
the  chair. 

The  President,  Council,  and  Memhers  were  received  in  the  Owens 
College  by  the  Chairman  of  Council  of  the  College,  Alderman  Joseph 
Thompson,  on  behalf  of  the  Eight  Honourable  the  Lord  Mayor  of 
Manchester,  Sir  Anthony  Marshall ;  and  by  the  Eight  Worshipful 
the  Mayor  of  Salford,  Sir  William  H.  Bailey. 

Alderman  Thompson  said  it  had  been  the  hoi)e  and  the  intention 
of  the  Lord  Mayor  of  Manchester  to  be  present  on  this  occasion,  and 
to  give  the  Institution  a  cordial  welcome  to  the  city.  Unfortunately 
the  pressure  of  his  numerous  engagements  prevented  him  from 
taking  the  position  which  he  had  hoped  to  occupy ;  and  he  had  asked 
him  to  represent  him.  He  had  also  the  honour  to  appear  himself  in 
another  capacity ;  and  by  virtue  of  the  position  given  to  him  by  the 
Council  of  the  Owens  College  he  was  present  to  bid  the  members  a 
cordial  welcome  to  the  building,  and  to  its  use  during  the  meeting  of 
the  Institution.  It  so  hapj)ened  that  at  the  same  time  another 
society  was  also  honouring  Manchester  with  a  visit :  a  society 
which  might  be  looked  upon  as  the  most  remote  from  the  Institution 
of  Mechanical  Engineers,  and  yet  in  one  sense  the  two  were  closely 
linked  together.  The  British  ArchaBological  Society  was  visiting 
Manchester,  and  occupying  for  its  meeting  some  of  the  rooms  in  the 
College.  A  cordial  welcome  had  already  been  given  to  that  society 
by  the  Lord  Mayor,  who  also  hoped  to  receive  the  members  of  the 
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Institution   of    Meclianical   Engineers    at    liis   Conversazione   this 
evening  in  tlie  Town  Hall.     In  his  lordship's  name,  as  well  as  in 
his  own,  he  desired  to  offer  to  both  societies  a  hearty  welcome.     The 
civic  honours  would  be  given  in  the  Town  Hall,  and  those  which 
related  immediately  to  science  and  learning  would  be  offered  in  the 
building  in  which  they  were  now  assembled.     The  very  name  of  the 
other  society  recalled  ancient  times.     Though  perhaps  it  did  not  go 
back  quite  to  the  beginning,  it  dealt  with  those  matters  upon  which 
the  thoughts  of  men  now  fondly   lingered,  and   which  time  had 
touched  with  its  lines  and  hues  so  gently  and  lovingly.     Most  men 
he  imagined  liked  to  dwell  in  their  turn  upon  the  events  of  the  past ; 
and  if  they  could  not  visit  the  interesting  monuments  and  towns  of 
the  country,  they  could  at  least  refresh  their  minds  by  reading  books 
on  the  history  of  their  forefathers.     Yet   however   delightful   and 
refreshing  it  might  be  to  look  back,  it  would  not  do  for  engineers  to 
stand  still  in  contemplation  of  the  past.  Their  Institution  represented 
the  courage  and  activity  of  the  present  and  of  the  future.    It  was  like 
a  young  giant  who  did  not  know  his  full  strength,  but  went  forth  in 
such  strength  as  he  was  conscious  of,  conquering  and  to  conquer ; 
and  it  was  not  too  much  to  say  that  all  which  tended  to  make  life 
happy,  pleasant,  and   useful  was   that  which  came  forth   from  an 
Institution  like  this,  whose  members  had  bridged  rivers,  guided  the 
course  of  streams,  and  given  ease  and  safety  of  locomotion.     Whilst 
the  city  most  cordially  threw  open  its  works  for  their  inspection 
and  its  Town  Hall  for  their  enjoyment,  the  College  in  which  they 
were   assembled   also   gave   them   welcome.     It   was   fit   that   they 
should  meet  in  this  College,  because  there  was  here  taught  not  only 
the   theory   but   to   some   extent  also   the   practice   of   mechanical 
engineering.       And    none     knew     better     than     themselves     that 
engineering  was  associated  with   various   forms   of    training.     The 
engineer  must  be  a  mathematician  ;  and  in  the  College  were  taught 
both  applied  mathematics  and  pure  mathematics.     An  engineer  was 
also  well  aware  that  he  must  be  somewhat  of  a  chemist,  and  must 
know   something  of  the   composition   and  mixture   of  metals.     In 
Owens  College  chemistry  was  taught,  and   the   lecture   theatre  in 
which  they  were  assembled  had  witnessed  the  teaching  of  Koscoe 
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and  Scliorlemmer,  Tliorpe  and  others  ;  and  was  now  occuj)ied  for  tlaat 
purpose  by  Professors  Dixon  and  Parkin.  Then  again  engineering  was 
allied  closely  with  electricity,  in  which  the  College  had  the  benefit  of 
the  teaching  of  Professor  Schuster,  whose  classes  were  crowded.  The 
Institution  whose  members  he  was  addressing  had  to  embrace  more 
or  less  different  forms  of  thought  and  of  culture  ;  and  in  this  building 
it  was  the  business  of  the  professors  to  the  best  of  their  ability  to 
train  young  men  in  those  various  branches  of  knowledge.  In  the 
name  of  the  Lord  Mayor  and  the  Corporation  of  Manchester,  and 
of  the  Council  of  the  Owens  College,  he  offered  the  Institution  a 
cordial  welcome,  first  to  the  city  with  its  buildings  and  works,  and 
then  to  the  Owens  College. 

The  Mayor  of  Salford,  Sir  William  H.  Bailey,  said  that, 
although  they  greatly  regretted  the  absence  of  the  Lord  Mayor  of 
Manchester  to  welcome  the  Institution,  the  city  of  Manchester  had 
been  well  represented  by  Alderman  Thompson  :  not  only  the  intellect 
of  Manchester  and  its  scholarly  ability,  but  the  magnificent  hospitality 
of  the  city  had  been  well  represented  in  the  excellent  speech  to  which 
they  had  listened.  As  the  Mayor  of  Salford,  the  borough  across  the 
stream,  it  was  also  his  own  pleasant  duty  to  welcome  the  members 
of  the  Institution  to  the  district.  It  would  be  difficult  indeed  for  the 
members  of  a  mechanical  engineering  society  to  come  to  any  part  of 
England  which  possessed  more  evidences  of  mechanical  engineering 
than  this  particular  district.  Indeed  if  they  looked  at  the  historical 
development  of  mechanical  tools,  or  even  of  the  modern  locomotive, 
they  found  that  the  inventors  of  this  district  had  had  a  remarkable 
influence  upon  engineering  industries  and  inventions.  That  was  the 
case  even  with  the  steamboat.  Fulton,  before  he  went  to  Paris,  had 
made  an  experiment  upon  the  Bridgewater  Canal ;  and  engines  with  a 
boiler  of  about  4  lbs.  pressure  were  made  in  Salford  in  1795.  After 
trying  his  model  in  Salford  and  making  his  experiments,  he  went  to 
the  Seine ;  and  it  was  remarkable  that  Napoleon  Bonaj^arte  had  then 
said,  "  Citizen  Fulton  has  placed  before  us  an  invention  which  in 
my  opinion  is  destined  to  change  the  entire  face  of  Europe."  Those 
were  prophetic  words,  and  it  was  remarkable  how  true  they  had 
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proved.  Tlie  present  was  not  the  time  to  go  into  tlae  historical 
development  of  the  spinning  and  weaving  machinery  in  these 
manufacturing  districts.  The  first  wheel-cutting  machine  had  been 
made  in  Manchester ;  the  first  self-acting  lathe  designed  by  Eichard 
Roberts  was  in  fact  still  in  existence  at  Messrs.  Beyer  and  Peacock's 
works.  Not  only  had  this  district  had  some  influence  on  mechanical 
engineering,  but  the  reign  of  law  in  connection  with  engineering  had 
received  the  benefit  of  the  work  of  Whitworth  and  of  Joule.  The 
latter  had  been  born  in  Salford,  he  was  proud  to  say ;  and  it  was 
impossible  to  refer  to  engineering  formulfe  without  mentioning  his 
name.  He  should  have  been  glad  if  Salford  could  have  figured  more 
prominently  in  the  arrangements  for  the  meeting  ;  but  the  programme 
was  so  full  that  even  when  he  had  wanted  to  provide  some  sort  of 
entertainment  he  had  found  it  utterly  impossible  to  do  so,  in 
consequence  of  the  many  offers  that  had  been  accepted  from  all  parts 
of  the  district  of  South  Lancashire.  He  could  only  say  on  behalf  of 
Salford  that  they  would  be  happy  to  show  everything  they  had  in  the 
gas  works,  the  sewage  works,  or  other  undertakings  ;  and  he  desired 
to  ofier  the  members  a  cordial  welcome  to  the  borough.  The 
archseologists  were  going  to  Salford  in  great  numbers  ;  they  would  no 
doubt  find  a  great  deal  of  antiquity  there,  and  antiquity  was  not  to  be 
despised.  Successful  engineers  were  those  who  were  well  acquainted 
with  the  doings  of  the  great  engineers  of  the  past.  It  was  only  by 
studying  antiquity  and  noticing  the  failures  and  successes  of  their 
predecessors  that  they  could  hope  or  expect  to  avoid  failure  and 
achieve  success  in  the  future.  He  was  glad  to  have  listened  to  the 
welcome  offered  .by  Alderman  Thompson  ;  and  he  desired  to  join 
heartily  in  congratulating  both  Manchester  and  Salford  on  the 
presence  of  the  Institution  of  Mechanical  Engineers.  They  wei'e 
a  great  society ;  and  he  was  sure  that  the  two  towns  would  jointly 
do  their  best  to  make  their  visit  pleasant  and  profitable. 

The  President  desired  on  his  own  behalf,  and  on  behalf  of  his 
colleagues  and  the  members  of  the  Institution  generally,  to  offer 
their  best  thanks  for  the  kind  welcome  accorded  to  the  Institution  in 
Manchester.     It  always  gave  them  great  pleasure  to  meet  in  the 
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summer,  and  to  combine  a  certain  moderate  amount  of  amusement  with 
a  large  opportunity  of  improvement  and  instruction.  As  engineers  it 
gave  them  the  greatest  pleasure  to  meet  in  Manchester,  perhaps  the 
most  interesting  city  in  the  country  from  their  own  particular  point 
of  view ;  and  he  need  hardly  say  that  it  gave  them  all  the  greater 
gratification  to  come,  'when  they  were  welcomed  so  heartily  by 
the  municipal  and  the  academical  authorities  as  well  as  by  their 
technical  brethren  generally,  as  they  had  been  welcomed  by  every 
one  on  the  occasion  of  their  present  visit. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  the  following  fifty-two  candidates  were  found  to  be  duly 
elected : — 

MEMBERS. 

Armour,  James  Glencairn,       .          .  Liverpool. 

Arnot,  William,     ....  Glasgow. 

Baldwin,  Arthur  Hugh,           .          .  Manchester. 

BuTTERWORTH,  JosEPH,     .          .          .  Manchester. 

Churchward,  George  Jackson,           .  Swindon. 

Clarkson,  Charles,         .          .          .  Liverpool. 

Deakin,  Benjamin  Walter,       .          .  London. 

Dunell,  George  Robert,           .          .  London. 

English,  Thomas  Matthew,      .          .  Bombay. 

Ennor,  Charles  John,     .          .          .  Oporto. 

Fowler,  Egbert  Henry,            .          .  Leeds. 

Hall,  Henry  Platt,         .          .          .  Oldham. 

Harmer,  Oscar,      ....  London. 

Herriot,  William  Scott,          .          .  Demerara. 

Higginbottom,  Lloyd,      .          .          .  Manchester. 

Kiernan,  George,  ....  Manchester. 

Liebert,  Henry  Anton,  .          .          .  Manchester. 

Mann,  James  Hutchinson,         .          .  Leeds. 
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Murray,  Thomas  Eoberts, 
Nicholson,  John,   . 
Oka,  Santiyasu, 
Platt,  John, 
PoLLiTT,  Harry, 
Eeed,  Joseph  William,   . 
EoBiNsoN,  Arthur  Maurice, 
EoBiNsoN,  Charles  John, 
EoBiNsoN,  Mark  Heatox, 
Saxkey,  M.  H.  p.  Eiall, 
Saxon,  George, 
Scott,  Egbert, 
Seymour,  Louis  Irvixg,    . 
Shaxd,  John, 
Stevens,  Thomas,  . 
Touch,  John  Edward, 
Woods,  William  Henry, 


Glasgow, 

Venezuela. 

Osaka,  Japan. 

Mancliester. 

Manchester. 

Jarrow. 

Eochdale. 

Eochdale. 

Thames  Ditton. 

Thames  Ditton. 

Manchester. 

Calcutta. 

London. 

Edinburgh. 

Kingston-on-Thames. 

London. 

Manchester. 


associate    MEMBERS. 

Anderson,  Tom  Scott,     « 
Davey,  Edward  Ernest  George, 
Eendice,  Walter, 
Eitz-Gerald,  John  Fredk.  Gerald, 
Hawley,  Cecil  Edward, 
Hyde,  George  Herbert, 
Monckton,  Charles  John, 
Ealeigh,  Charles, 
Sutton,  Hugh  Eeginald, 


Sheffield. 

London. 

Hemel  Hempstead. 

London. 

London. 

Colombo. 

High  Wycombe. 

Johannesburg. 

Eeading. 


associate. 
Peters,  Lindsley  Byron, 


London. 


graduates. 


Hollingswoeth,  Edward  Massey, 
Mansfield,  Alfred, 
Eeadhead,  Egbert,  Jun., 


St.  Helen's,  Lanes. 

Calcutta. 

South  Shields. 
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EussELL,  William  Colin,  .  .  Briton  Ferry. 

Simpson,  Lightly  Stapletox,  .  .  Cambridge. 

SuFFiELD,  Frank  Wilson,  .  .  Birmingham. 

Whitelegg,  Eobekt  Harben,  .  .  Plaistow. 


The  following  Papers  were  then  read  and  discussed  : — 
"  Description  of  the  new  Electric  Lighting  Works,  Manchester  ;  "  by 

Dr.  John  Hopkinson,  F.E.S.,  Member  of  Council. 
"  Electric  Welding  ; "  by  Mr.  Benjamin  Alfred  Dobson,  Member  of 

Council. 

At  One  o'clock  the  Meeting  was  adjourned   to   the   following 
morning. 


The  Adjourned  Meeting  was  held  in  the  Owens  College, 
Manchester,  on  Wednesday,  1st  August  1894,  at  Ten  o'clock  a.m. ; 
Professor  Alexander  B.  W.  Kennedy,  LL.D.,  F.E.S.,  President,  in 
the  chair. 

The  Discussion  upon  Mr.  Dobson's  Paper  on  Electric  Welding 
was  reeumed  and  concluded. 

The  following  Papers  were  then  read  and  discussed  : — 
*'  Description  of  Twin  Screw-Propellers  with  Adjustable  Immersion, 
fitted    on    Canal    Boats ; "   by    Mr.    Henry    Barcroft,    of 
Newry. 
"  Description    of   the    Manchester    Main    Drainage    Works ; "    by 
Mr.  Wm.  Thomas  Olive,  Eesident  Engineer. 

The  remaining  Papers  announced  for  reading  and  discussion 
were  adjourned  to  a  subsequent  meeting. 
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Tlie  President  proposed  tlie  following  Votes  of  Thanks,  wMcli 
were  passed  with  applause : — 

To  the  Council  of  the  Owens  College,  for  their  kindness  in  inviting 
the  Institution  to  meet  in  the  College,  and  for  the  facilities 
offered  for  the  Meeting. 

To  the  Executive  Committee — particularly  the  Eight  Honourable  the 
Lord  Mayor  as  Chairman,  the  Eight  Worshij)ful  the  Mayor 
of  Salford  as  Vice-Chairman,  and  Mr.  Charles  Hopkinson  as 
Honorary  Secretary — for  the  admirable  arrangements  they 
have  made  for  this  Summer  Meeting  of  the  Institution  in 
Manchester,  with  a  view  to  the  convenience  and  enjoyment  of 
the  Members. 

To  the  Eight  Honourable  the  Lord  Mayor,  Sir  Anthony  Marshall, 
for  his  handsome  recej)tion  of  the  Members  at  his 
Conversazione  ;  to  the  Local  Members  who  provided  the  gala 
performance  at  the  Theatre ;  to  the  Proprietors  of  the 
numerous  Engineering  Works  and  other  Establishments  open 
to  be  visited  ;  and  to  the  several  hosts  who  have  arranged  for 
so  hospitably  entertaining  the  Members  on  the  occasion  of 
their  visit. 

To  the  Directors  of  the  Lancashire  and  Yorkshire  and  the  London 
and  North  Western  Eailway,  for  their  kindness  in  affording 
special  facilities  for  the  Excursions  over  their  lines. 

The  Meeting  then  terminated  at  One  o'clock.     The  attendance 
was  378  Members  and  61  Visitors. 
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DESCEIPTION  OF   THE 
NEW  ELECTRIC  LIGHTING  WORKS,  MANCHESTER. 


By  Dr.  JOHN  HOPKINSOX,  F.R  S.,  Member  of  Council. 


Progress  of  Electric  Liglding. — It  is  now  more  than  fifteen  years 
since  the  author  had  the  honour  of  bringing  before  this  Institution 
his  first  paper  on  Electric  Lighting  (Proceedings  1879  page  238). 
Since  that  time  this  department  of  practical  science  has  undergone  an 
extraordinary  development.  Then  the  only  electric  lights  were  arc 
lights ;  the  first  incandescent  lights  in  a  practical  form  were  not 
made  until  nearly  a  year  later.  Now  there  are  many  millions  of 
incandescent  lights  in  daily  use.  The  machine  experimented  upon 
by  the  author  in  1879  was  what  would  then  have  been  considered 
a  fairly  large  one  and  highly  economical  ;  it  required  about 
6  horse-i^ower  to  drive  it.  Today  there  are  many  machines  which 
have  been  working  for  a  considerable  time,  requiring  upwards  of 
1,000  horse-power  to  drive  them.  Then  the  commercial  efficiency 
of  the  machine  was  about  50  per  cent.  Today  it  is  a  matter  of 
common  practice  to  produce  machines  having  commercial  efficiencies 
of  94  per  cent.  The  purpose  of  the  earlier  paper  was  to  lay  before 
this  Institution  the  results  of  certain  tests  made  upon  a  single 
machine,  the  methods  of  which  tests  seemed  likely  to  be  of  general 
utility,  as  has  since  j)roved  to  be  the  case.  The  jnirpose  of  the 
present  paper  is  merely  to  give  a  short  descrij)tiou  of  the  Electric 
Lighting  Works  in  Manchester,  more  particularly  stating  the  minor 
points  in  which  the  arrangements  difibr  from  those  most  generally 
adopted.  Although  the  differences  from  ordinary  practice  are 
small  and  comparatively  unimportant,  and  involve  nothing  new  in 
princij)le,  a  description  of  these  works  may  be  of  interest  on  the 
occasion  of  the  present  meeting  being  held  in  Manchester,  when 
the  works  themselves  will  be  accessible  to  the  Members  of  the 
Institution. 
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System  of  Distribution. — The  system  adopted  is  a  direct  continuous 
current,  with  five  conductors  supplying  consumers  at  a  pressure  of 
100  volts,  the  total   jiressure  between  the  outer  conductors  being 
400  volts.      The   conductors   are  partly   bare   copper  in   concrete 
culverts,  and  partly  india-rubber  insulated  cables  in  cast-iron  pipes. 
In  Fig.  5,  Plate  70,  is  shown  a  transverse  section  of  the  culvert  in 
Portland  Street.      This  arrangement  of  conductors  is  very  similar 
to  that  which  has  been  adopted  in  many  other  places,  but  is  here 
carried  out  on  a  somewhat  more  extensive  scale,  the  Portland  Street 
culvert  containing  a  total  area  of  copper  of  9f  square  inches.     It 
will  be  observed  that  the  sectional  area  of  the  three  intermediate 
conductors  I  is  small,  only  ^  square  inch  for   each  ;  whereas  the 
total  sectional  area  of  the  outer  conductors  in  this  case  is  no  less 
than  9  square  inches.     As  might  naturally  be  expected,  such  small 
intermediate   conductors  are  in  themselves   inadequate   to  effect   a 
perfect  balance ;   the   balance  is   therefore   perfected   by  means   of 
motor-generator  machines  fixed  in  outlying  parts  of  the  system.    One 
of  a  pair  of  such  motor-generator  machines  is  shown  in  Figs.  15  to  17, 
Plates  74  and   75.     Each   of  these  machines  is   wound   with  two 
cii'cuits  CC,  so  that  the  pair  contains  four  circuits,  each  circuit  being 
connected   with   two  conductors  of  the  five-wire  system.     The  two 
machines   being   connected  mechanically  with   each   other   by   the 
coupling  B,  shoAvn  to  a  larger  scale  in  Figs.  18  and  19,  any  excess  of 
current  demanded  from  one  section  will  be  supplied  by  the  circuit 
connected    thereto,   and   the    power   required  to   effect   this  supply 
will   be   derived   from  one  or    more   of  the    other  circuits.     As  a 
compensating  device  this  arrangement  is  found  to  work  perfectly; 
it  does  not  claim  any  originality,  as  it  has  been  in  use  for  some 
time  in  many  places.     Electricity  can  be  supjilied  to  consumers  at 
four  different  pressures,  according  to  their  requii-ements. 

Insulation. — The  system  of  bare  conductors  has  the  disadvantage 
that  the  general  insulation  is  poor  ;  but  this  really  causes  no  trouble, 
as  it  is  a  general  small  leak  over  the  whole  system,  and  does  not 
tend  to  get  worse.  There  is  one  curious  fact  in  connection  with 
this  defective  insulation  ;  the  insulation  of  the  positive  conductor  is 
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always  good,  while  that  of  the  negative  is  always  bad.  The  fact  has 
been  generally  known  for  some  time,  but  the  author  did  not  realise 
its  importance  till  he  experienced  it.  Electrolysis  will  deposit 
upon  the  negative  conductor  hydrogen  from  the  moisture  on  the 
insulators ;  hence  this  exceptionally  defective  insulation  is  not 
calculated  to  injure  the  conductor.  The  explanation,  so  far  as  the 
author  is  aware,  was  not  known.  The  difference  in  insulation 
between  the  positive  and  negative  conductors  arises  from  electric 
osmosis,  which  may  be  explained  as  follows.  Suppose  two  vessels 
containing  water  to  communicate  by  a  cotton  wick,  and  two 
electrodes  differing  much  in  potential  to  dip  into  the  two  vessels ; 
then  it  is  found  that  water  passes  over  continuously  from  the  vessel 
into  which  the  j)ositive  electrode  dips  to  that  into  which  the  negative 
electrode  dips ;  this  fact  has  long  been  known  to  physicists  as  a 
laboratory  experiment.  Next  suppose  two  electrodes  to  be  carried  on 
porcelain  insulators  which  dip  into  water,  and  the  water  to  be 
maintained  at  earth  potential,  and  the  two  electrodes  to  be  one 
positive  and  the  other  negative  ;  then  if  the  current  leaking  from 
each  electrode  into  the  water  be  measured,  it  is  found  that  the  leak 
from  the  negative  is  many  fold  the  leak  from  the  positive  ;  this 
experiment  the  author  has  himself  tried.  The  action  of  bare 
conductors  is  the  same  upon  a  large  scale.  The  main  source  for 
moisture  is  from  the  walls  and  floor  of  the  culvert ;  this  moisture 
will  constantly  creep  over  the  porcelain  insulators  PP  in  Fig.  5, 
Plate  70,  towards  the  negative  conductor,  but  will  creej)  away  from 
the  positive  conductor,  drying  the  neighbourhood  of  the  latter  and 
improving  its  insulation.  With  the  five-wire  system  the  troubles 
have  been  few,  and  all  easily  met ;  with  the  bare  conductors  there 
have  been  no  troubles  at  all. 

Switchboards. — The  switchboards  are  very  simple  and  compact ; 
Plate  73  shows  one  of  them  for  the  feeders.  The  latter  are  connected 
to  the  vertical  bars,  each  feeder  to  one  or  other  of  a  pair  of  bars 
through  a  single  two-way  switch  S  at  the  bottom  of  the  pair  of  bars. 
The  pole  of  each  dynamo  machine  is  connected  through  a  switch  to 
a  horizontal  bar  of  its  own ;    and  the  horizontal  and  vertical  bars 
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are  connected  to  each  other  by  removable  screw-plugs.  Suppose 
feeder  No.  1  is  connected  to  machine  A  through  the  left-hand 
vertical  bar,  and  that  it  is  desired  to  change  this  feeder  to  machine  B. 
For  this  purpose  the  screw-plug  is  put  in  for  connecting  the 
horizontal  bar  of  machine  B  to  the  right-hand  bar  of  the  feeder,  and 
the  switch  S  is  thrown  over,  so  as  to  connect  the  feeder  to  the  right- 
hand  bar  and  to  disconnect  it  from  the  left-hand  bar  ;  the  change  is 
thus  effected  in  a  fraction  of  a  second.  The  double  switches  at  the 
end  of  the  horizontal  bars  have  to  do  with  exchanging  from  one 
machine  to  another.  A  resistance  of  about  3  ohms  is  permanently- 
interposed  between  the  two  sections  of  each  switch,  and  one  section 
is  permanently  connected  to  the  conductor  from  the  machine.  On 
each  bar  is  an  ampere  indicator,  competent  to  show  when  the  current 
is  nil.  Supjjose  it  is  desired  to  take  work  off  machine  C,  and  put  in 
D  in  its  place :  first  the  horizontal  bar  of  D  is  connected  by  screw- 
plugs  to  all  the  vertical  bars  through  which  C  is  working,  and 
machine  D  is  started  running ;  next  by  the  double  switch  machine  D 
is  connected  to  its  horizontal  bar  through  the  resistance  of  3  ohms  ; 
then  the  indicator  is  watched,  and  as  the  speed  of  D  rises  the  current 
passing  back  from  the  system  of  conductors  through  D  will  diminish ; 
at  the  moment  when  it  is  nil,  the  resistance  is  short-circuited  by  the 
same  double  switch,  thereby  connecting  D  direct  to  its  bar.  Machine 
C  is  now  slowed  down,  and  at  the  moment  when  its  current  is  shown 
by  its  indicator  to  be  nil  it  is  switched  out,  and  the  change  is 
completed.  It  will  be  observed  that  the  machines  may  each  be  run 
at  the  pressures  suited  to  the  feeders  with  which  they  are  connected. 
On  the  five-wire  distributor  board  there  are  six  sliding  glass- 
plates  with  holes  through  them,  two  holes  in  each  plate,  for  ensuring 
that  it  shall  be  impossible  to  put  plugs  into  wrong  places,  and  for 
preventing  thereby  the  serious  conseq^uences  which  would  follow 
such  a  mistake. 

Engines  and  Dynamos. — The  general  plan,  Plate  67,  shows  the 
relative  positions  of  the  various  portions  of  the  machinery,  and 
Plates  68  and  69  are  cross  sections  of  the  engine  house.  In  the  first 
instance  six  engines  and  six  dynamos  of  about  100  HP.  each  were  put 
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up,  and  also  four  engines  and  four  dynamos  of  400  HP,  eaeli.  The  sis 
smaller  dynamos  give  nearly  600  amperes  at  a  little  over  100  volts ; 
the  four  larger  give  600  amperes  at  a  little  over  400  volts.  The 
engines  are  all  vertical  compound  condensing,  and  drive  their 
respective  dynamos  by  link  belts,  carried  under  jockey  pulleys, 
Fig.  4,  Plate  70.  The  jockey  pulleys  work  in  every  resjiect  as  well 
as  simple  belts  of  adequate  length  ;  and  the  loss  of  power  is  increased 
to  only  a  very  small  extent,  if  at  all.  Compared  with  ordinary  belt 
driving,  the  saving  in  space  is  considerable.  In  comparison  with 
high-sj)eed  direct  driving  there  is  the  advantage  of  entire  freedom 
as  to  speed,  both  of  engines  and  of  dynamos ;  and  there  is  less 
liability  to  vibration.  On  the  other  hand  high-speed  engines  take 
less  space,  and  the  author  thinks  if  single-acting  they  make  less 
noise.  In  his  opinion  there  is  no  great  balance  of  advantage  in  one 
system  over  the  other. 

The  condensers  are  ejector  condensers,  the  condensing  water 
being  lifted  some  30  feet  in  order  to  give  an  adequate  head.  These 
condensers  have  been  found  effective,  giving  a  vacuum  of  25  inches ; 
and  they  prove  most  convenient. 

The  regulation  of  electric  pressure  is  effected  by  adjustment  of 
the  governor  whilst  running.  Two  more  engines  and  dynamos  of 
400  HP.,  exactly  like  those  already  erected,  have  been  ordered  after 
the  experience  of  last  winter. 

Boilers. — The  boilers  are  of  Lancashire  type,  30  feet  long  and 
8  feet  diameter  ;  at  present  they  are  six  in  number,  and  a  seventh  is 
now  being  added.  They  work  at  a  pressure  of  125  lbs.  i)er  square 
inch,  and  are  fitted  with  mechanical  stokers,  and  the  water  is  heated 
by  economisers.  The  steam-pipes,  feed-j)ipes,  valves,  and  economisers, 
are  all  in  duplicate.  The  boiler  house,  77  feet  long  by  70  feet  wide, 
is  covered  from  end  to  end  by  a  steel  water-tank  weighing  about 
160  tons,  constructed  in  seven  compartments,  and  holding  205,000 
gallons  of  water.  The  general  construction  of  the  tank  is  shown  in 
Plates  71  and  72. 

From  the  general  plan,  Plate  67,  it  will  bo  seen  that,  in  addition 
to  the  engines  already  on  order,  there  is  room  for  eight  more  largo 
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engines  and  five  additional  boilers.  Hitherto  no  accumulators  have 
been  used  ;  but  in  the  author's  oj)inion  the  present  reduced  price  of 
these  and  their  increased  durability  justify  their  introduction  into 
large  stations  as  well  as  small.  There  will  of  course  be  no  difficulty 
in  adding  them  when  it  is  desired. 

WorJc. — There  are  connected  to  the  mains  18,600  incandescent 
lamps  of  16  candle-power,  250  arc  lamps,  and  motors  to  the  extent 
of  16  horse-power.  This  is  an  encouraging  result  when  it  is 
remembered  that  a  preliminary  supply  on  the  two-wire  system  was 
begun  only  just  a  year  ago.  The  average  price  to  the  consumer  up 
to  31st  March  was  about  fivepence  halfpenny  per  unit. 

In  conclusion  the  author  wishes  to  esj)ress  his  thanks  to  three 
gentlemen  who  have  contributed  much  to  the  substantial  success  of 
the  undertaking  :  namely  to  Alderman  Lloyd  Higginbottom,  the  able 
mechanical  engineer  and  vice-chairman  of  the  electric  lighting  sub- 
committee, for  his  constant  advice  in  all  matters,  whether  engineering 
or  commercial  ;  to  Mr.  Charles  Hopkinson,  who  designed  the 
buildings ;  and  to  Mr.  C.  H.  Wordingham,  formerly  the  author's 
assistant,  and  now  Engineer  of  the  station.  He  has  also  been  not  a 
little  indebted  to  some  of  those  who  have  contracted  for  the  work ; 
but  they  are  many,  and  it  would  be  invidious  to  distinguish. 


Discussion. 

The  President  understood  that  Alderman  Higginbottom,  whose 
name  had  been  referred  to  in  the  paper,  had  been  devoting  his 
attention  to  this  subject  for  a  long  time ;  and  it  would  be  of  interest 
to  the  members  if  he  would  tell  them  something  about  the  first 
year's  working  of  the  station,  the  accounts  of  which  had  now  been 
published. 
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Alderman  Llotd  Higginbottom  desired  to  thank  the  author  for 
the  kind  way  iu  which  his  name  had  been  mentioned  in  connection 
with  the  work  of  the  electric  station  in  Manchester.     As  first  laid 
out  the  works  had  been  intended  to  supply  the  demand  in  Manchester 
for  at  least  three  years.     It   had   been   contemplated   by  everyone 
concerned  in  the  matter  that  the  demand  would  not  at  first  be  great ; 
but  in  the  course  of  five  months  the  whole  of  the  power  jirovided  for 
had  been  virtually  taken  up,  and  a  large  extension  had  now  to  be 
made  for  the  coming  winter.     The  commercial  results  of  the  first 
year's  working — eight  months  only — were  considered  to  be  highly 
satisfactory.     The  extra  costs,  connected  with  all  the  little  troubles 
that  had  had  to  be  encountered  at  the  beginning  of  the  year,  had  been 
charged  to  revenue,  and  not  to  construction.     Although  there  would 
have  been  ample  justification  for  charging  a  certain  amount  of  these 
extras  to  capital,  it  had  been  thought  advisable  that  at  any  rate  the 
first  year  should  be  cleared  off ;  and  the  exj)enses  had  consequently 
been  all  placed   to  revenue.      The  total  cost  had  been  £127,375, 
including  £39,014  for  the  purchase  of  the  land.     The  result  of  the 
eight  months'  working  had  been  that  the  revenue  was  £10,198,  and 
there  was  a  debit  balance  of  only  £210.     The  demand  at  present 
was  so  great  that  all  the  power  which  was  being  provided  for  the 
coming  winter  had  already  been  taken  up  ;  and  next  year  it  would  be 
necessary  to  make  a  still  larger  extension  for  the  further  demands  that 
would  arise.     From  all  parts  of  the  city,  outside  what  was  called 
the  compulsory  area,  there  was  a  great   demand  ;    and  ajjijlication 
would  have  to  be  made  to  the  local  government  board  for  jiower  to 
borrow  money  in  order  to  lay  mains  throughout  that  enlarged  area, 
as  had  of  course  been  contemplated  at  the  first.     It  was  estimated, 
almost  with  certainty,  that  the  revenue  for  the  present  year  would 
amount  to  nearly  £25,000 :  so  that,  instead  of  any  debit   balance, 
there  would  be  indeed  a  handsome  credit  balance  towards  reducino- 
the  rates   of    the  city.      For  the  first  year  a  certain  heavy  loss 
had  been  anticipated ;  but  as  it  was,  there  had  been  only  a  small 
debit  balance.     If  the  corporation  had  been  a  private  company,  they 
would  have  paid  a  dividend  ;  but  as  a  corporation  they  had  to  provide 
for  three  things :  first,  for  depreciation  at  the  high  rate  of  10  per 
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(Alderman  Llojd  Higginbottom.) 

cent,  upon  maclainery ;  secondly,  for  interest  on  borrowed  money  to 
carry  out  the  works ;  and  thirdly,  for  a  sinking  fund  to  pay  off 
the  money  borrowed.  With  these  three  charges  on  the  capital 
account  he  thought  the  small  debit  balance  of  only  £210  was  highly 
satisfactory. 

Mr.  Thomas  Parker  was  glad  to  hear  the  statement  of  the 
success  which  had  been  achieved,  and  should  like  some  information 
as  to  the  working  of  the  motor  generators,  and  the  manner  in  which 
they  were  employed,  having  himself  been  instrumental  in  introducing 
them,  first  at  Chelsea,  then  at  the  Crystal  Palace,  and  afterwards  at 
Oxford.  They  had  been  running  at  Oxford  for  three  years,  and  had 
done  good  work.  The  mode  of  their  employment  was  different 
from  that  adopted  in  Manchester,  which  appeared  to  him  to  be  less 
efficient ;  but  this  could  only  be  known  by  taking  the  whole  system 
into  consideration.  Any  statement  as  to  their  behaviour,  and  the 
amount  of  energy  they  took  in  proportion  to  the  work  done,  with  the 
services  they  rendered  in  the  system,  would  be  most  interesting. 

Mr.  C.  Frewen  Jenkin  asked  for  some  information  about  the 
amount  of  energy  transferred  from  one  circuit  to  another  with  a 
given  difference  of  voltage. 

Mr.  Charles  Hopkikson,  having  been  concerned  with  the 
buildings  for  the  station,  considered  that,  so  long  as  the  machinery 
was  satisfactory,  it  would  be  sufficient  for  the  members  to  recognise, 
when  visiting  the  works,  that  the  buildings  were  adapted  to  it. 
Externally  they  might  perhaps  have  a  doubt  whether  the  importance 
of  the  station  was  sufficiently  emphasized,  owing  to  his  having  had 
to  adapt  appearances  to  the  economical  tendencies  of  the  corporation. 
Naturally  he  should  have  liked  the  building  to  have  some  amount 
of  ornament ;  but  instead  of  that  it  had  the  greatest  severity  of  style. 
The  arrangement  made  was  for  the  greatest  simplicity  of  working  in 
every  respect ;  and  the  buildings  were  designed  with  that  view. 
If  the  arrangement  for  the  machinery  was  simple,  the  arrangement 
for  the  building  was  also  simple.     It  was  easy  to  keep  clean ;  and 
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inside   at   any  rate   it   was   of  a   design   intended   to  show   a   due 
appreciation  of  the  value  of  the  machinery  it  contained. 

The  President  asked  whether  there  had  been  any  difficulty 
with  the  foundations,  owing  to  the  watery  subsoil  of  the  locality. 
It  was  mentioned  in  the  paper  that  a  special  tank  had  been  made  to 
cover  the  boiler  house ;  and  he  thought  some  further  particulars 
respecting  its  construction  would  be  of  interest. 

Mr.  Charles  Hopkinson  said  the  foundations  were  one  solid 
mass  of  concrete  upon  a  bed  of  tough  clay,  embracing  the  whole 
foundations  of  the  dynamos  and  the  engines.  The  consequence  was 
that  as  there  was  so  large  a  mass  of  foundation  no  vibration  was 
transmitted  outside  the  building. 

In  order  to  avoid  wasting  space  by  carrying  in  the  ordinary  way 
the  weight  of  a  tank  containing  205,000  gallons,  he  had  suggested 
that  the  tank  should  go  right  over  the  boilers  in  a  single  span  ; 
and  his  brother  had  designed  the  tank  so  as  to  carry  out  that 
suggestion.  As  shown  in  Plates  67  and  71,  the  only  support  between 
the  back  wall  of  the  engine  house  and  the  outside  wall  of  the  boiler 
house  was  a  row  of  steel  pillars  along  the  front  of  the  boilers, 
leaving  two  spans  of  43^  and  28  feet  for  the  continuous  girders 
carrying  the  tank.  The  supporting  pillars  were  11  feet  apart.  Fig.  6, 
Plate  71,  and  between  each  pair  of  pillars  one  boiler  was  put  in,  so 
that  no  space  was  wasted.  The  girders  themselves  were  contained  in 
the  depth  of  the  tank,  Plate  72,  so  that  no  headroom  was  wasted. 
The  water  space  extended  below  the  depth  of  the  girders,  as  shown 
in  the  transverse  sections,  Figs.  6  and  11,  because  the  bottom  of  the 
tank  was  dished,  so  that  all  the  jjlates  were  in  tension ;  and 
the  girders  themselves  formed  the  partitions  between  each  section, 
so  that  the  water  in  each  section  could  be  let  off  separately.  In 
the  engine  house  the  method  by  which  the  centre  of  the  roof  was 
carried  was  shown  in  Plates  68  and  69.  The  central  gangway  was 
provided  by  dividing  the  pillars  into  two.  Each  pillar,  regarded 
as  a  support  for  carrying  the  roof,  consisted  of  two  steel  upright 
girders  of  H    section  set  on  end,  which  were   braced   together  by 
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cast-iron  brackets,  halfway  up  and  at  tlie  top.  In  tliat  way  there 
■was  a  free  open  gangway  right  through  between  the  engines  at 
two  levels.  Above  these  gangways  were  laid  the  steam  and  exhaust 
pipes,  which  were  thus  readily  accessible,  and  at  the  same  time  quite 
out  of  the  way  of  the  travelling  cranes  commandrag  the  building. 

Mr.  Jeremiah  Head,  Past-President,  observed  that  the  engines 
for  generating  electricity  were  two-cyliader  compound  engines,  and 
that  the  pressure  in  the  boilers  was  125  lbs.  per  square  inch.  In 
view  of  the  great  extensions  which  seemed  to  be  necessary  and  to  be 
contemplated  for  next  winter  and  the  year  after,  he  enquired  whether 
that  would  not  be  a  favourable  opportunity  for  making  the  engines 
triple-expansion,  with  a  much  higher  pressure  in  the  boilers.  This 
had  been  done  in  other  parts  of  the  country  for  the  generation  of 
electricity  ;  and  as  the  saving  of  fuel  seemed  to  be  greatly  desired, 
he  thought  it  would  be  an  excellent  opportunity  for  arranging  to 
work  with  higher  pressures  and  with  triple  engines  instead  of 
two-cylinder  compound.  In  the  paper  it  was  stated  that  the  engines 
now  on  order  were  simply  duplicates  of  those  at  present  used. 

Mr.  J.  Hartley  Wicksteed,  Member  of  Council,  asked  for  some 
description  of  the  ball  bearings  illustrated  in  Plate  76,  which  he 
understood  were  used  for  the  motor  generators  shown  in  Plates  74 
and  75. 

Mr.  Graham  I.  Francis,  of  the  Auto  Machinery  Co.,  Coventry, 
having  supplied  the  ball  bearings  shown  in  Plate  76,  explained 
that  they  were  fitted  to  the  motor  generators  with  the  view  both  of 
economising  power  by  reducing  the  friction,  and  also  of  overcoming 
as  far  as  possible  any  liability  to  stoppage  through  want  of  attention 
on  the  part  of  the  workman  in  charge  of  the  machines.  A  small 
dynamo  fitted  with  these  bearings  had  been  running  at  1,300 
revolutions  -per  minute  continuously  for  nine  hours  without  oil  or 
any  attention  whatever,  and  without  any  signs  of  heating.  Eeadings 
taken  from  the  ammeter  every  fifteen  minutes  during  the  running 
showed  a  gain  in  pressure  of  about  10  per  cent,  over  similar  readings 
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taken  the  day  before,  under  as  nearly  as  possible  the  same  conditions, 
when  the  dynamo  was  fitted  with  the  ordinary  hearings.     In  the 
construction  of  ball  bearings  required  to  run  at  a  medium  or  high 
speed,  the  first  point  to  be  kept  in  view  was  that  both  the  balls  and 
their  races  must  be  made  from  steel  of  the  highest  quality  and  as 
hard  as  possible ;  for  owing  to  their  small  bearing  surface  they  would 
speedily  wear   out  of  truth  if  soft.      Iron  case-hardened  had  been 
tried,  but  had  proved  to  be  a  failure,  because  the  surfaces  soon  gave 
out,  and  then  caused  far  more  friction  than  ordinary  bearings.     The 
second  essential  was  that  the  ball  bearings  should  be  entii-ely  self- 
contained  and  easy  to  adjust,  so  that,  without  any  special  training, 
any  ordinarily  intelligent  fitter  could  put  them  together,  fit  them  in 
place,  and  adjust  them  for  running.     In  many  bearings  the  only 
possible  way  of  getting  the  balls  in  place  was  by  sticking   them 
upon  the  races  by  means  of  fat ;  and  with  balls  of  any  considerable 
size   this   was   a   most   dijSicult  job.      In    the  bearings    shown  in 
Plate  76  the  balls  were  readily  got  into  position   by  slipping  the 
first  of  the  rings  R  over  the  flanged  sleeve  S,  which  was  held  with 
the  flanged  end  F  uppermost.     The  first  row  of  balls  was  then  placed 
on  the  ring,  and  held  in  position  between  the  ring  and  the  flange, 
while  the  whole  was  turned  the  other  way  up.     The  second  row  of 
balls  was  then  added,  and  was  held  by  the  second  ring,  and  so  on  ; 
and   finally   the   loose   flange   L  was  put   on,  and  the  whole   held 
together  by  the  two  nuts  N.     The  complete  bearing  could  then  be 
put  into  the  bracket  or  pedestal,  which  was  bored  accurately  to  fit 
the  rings,  and  could  be  sprung  slightly  open  to  allow  the  balls  to 
adjust  themselves  properly ;    and    the  whole  was   adjusted   by  the 
nuts  N  until  the  sleeve  turned  freely  without  the  slightest  shake. 
The  bearings  were   then   ready   to   be   fitted   to   the   shafts.     The 
sleeves   S  were  made  to  fit  the  shaft  snugly,  unless  lateral  motion 
was  required,  which  was  sometimes  advisable  in  dynamos  &c.     In 
the  small  dynamo   already  mentioned  they  fitted  freely,  and  were 
kept  in  position  by  a  small  sunk  key  K,  as  shown  in  Fig,  20.     The 
number  of  cone  rings  R  depended  upon  the  number  of  rows  of  balls 
required  to  carry  the  load ;  and  they  were  all  formed  at  an  angle  of 
45^  to  the  axis  of  rotation  of  the  balls.      By  this  arrangement  each 
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series  of  balls  was  adjusted  from  the  single  pair  of  nuts  N.  The 
balls  were  readily  got  into  position ;  and  the  whole  bearing  could  be 
made  for  a  reasonable  sum,  considering  the  high  quality  of  the 
work  required.  Specimens  of  the  balls  were  shown  from  l-8th  inch 
to  3J  inches  diameter.  The  largest  sizes  were  made  from  the  hardest 
steel  that  could  be  got ;  and  on  account  of  the  great  risk  in  hardening 
such  a  large  mass  of  solid  steel,  they  were  left  in  their  normal 
condition  of  temper.  These  balls,  being  used  chiefly  for  bridges 
and  similar  work  where  the  rolling  motion  was  slight  and  slow, 
were  found  to  answer  the  purpose  well.  He  showed  part  of  a  lathe 
bearing  which  had  been  running  for  the  last  seven  years  in  constant 
daily  use  ;  and  it  would  be  seen  that  there  was  no  sign  of  wear  on 
the  balls  or  on  the  sleeves.  Another  specimen  exhibited  was  a 
small  lathe-spindle  which  had  been  running  about  eighteen  months  ; 
it  was  made  on  exactly  the  same  plan  as  the  dynamo  bearing,  and 
also  showed  no  signs  of  wear.  The  method  of  making  the  balls 
from  the  bar  was  illustrated  by  a  specimen  in  which  several  of  the 
balls  were  already  partially  formed,  ready  for  severance  from  the 
bar  and  for  completion.  The  adjustment  was  shown  by  a  small 
model  of  the  bearing  in  the  bracket  or  pedestal,  showing  the  clipping 
arrangement  for  holding  the  rings.  It  would  be  noticed  that  the 
rings  were  made  rather  thick,  because  if  they  were  not  stiff  enough  it 
was  surprising  how  easily  they  could  be  sprung  out  of  round.  With 
the  view  of  overcoming  this  objection  the  rings  were  now  made  extra 
stiff  and  strong  ;  and  care  should  be  taken  not  to  tighten  them  up 
too  much  in  adjusting  the  bearing,  but  only  just  sufBciently  to 
keep  them  from  moving.  The  crushing  strain  of  the  balls  varied 
approximately  as  the  square  cf  the  diameter:  a  half-inch  ball  crushed 
at  about  from  10  to  14  tons,  and  a  one-inch  ball  at  from  40  to  54  tons. 
But  owing  to  the  strains  set  up  in  hardening,  especially  in  the  larger 
sizes,  a  very  low  factor  of  safety  must  be  taken ;  one-tenth  of  the 
crushing  load  was  what  was  generally  taken  as  a  safe  working  load. 

Mr.  William  H.  Maw,  Member  of  Council,  asked  whether  the 
jockey  pulleys  on  the  link  belts  driving  the  dynamos  were  specially 
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weighted,  so  as  to  apply  a  constant  tension  on  tlie  belt ;  and  if  so, 
what  the  amount  of  load  was.  There  appeared  from  Fig.  4, 
Plate  70,  to  be  a  screw  adjustment ;  and  he  should  like  to  know 
whether  the  jockey  pulleys  were  screwed  down  dead,  or  whether 
they  were  left  free  to  yield  to  the  pull  of  the  belt.  Of  link  belts 
there  were  two  kinds  that  were  largely  used:  those  in  which  the 
links  were  of  the  same  size  all  across  the  width  of  the  belt,  and 
those  in  which  they  were  shaped  to  fit  the  transverse  rounding  of 
the  rim  of  the  pulley.  He  asked  whether  the  belts  here  used  were 
shaped  belts,  or  whether  they  were  made  with  plain  links  all  of  the 
same  size ;  also  whether  there  had  been  any  necessity  to  take  them 
up  largely  during  the  time  they  had  been  running.  Any  stretch 
would  of  course  be  shown  by  a  large  drop  in  the  jockey  pulleys. 
Under  somewhat  similar  circumstances  he  had  used  a  jockey  pulley 
running  on  a  belt  which  was  sewn  up  solid  without  a  lap  joint ;  it 
was  an  18-inch  belt  running  at  3,000  feet  per  minute,  and  it  had 
been  running  for  thirteen  years  without  the  slightest  trouble  being 
experienced  from  the  action  of  the  jockey  pulley.  It  had  proved 
satisfactory  in  every  way.  In  that  instance  the  belt  was  not  so  short 
as  that  shown  in  Fig.  4 ;  and  the  jockey  pulley  was  not  screwed 
down,  but  was  mounted  so  that  it  could  ride  on  the  belt  freely. 

Mr.  C.  H.  WoRDiNGHAM  could  confirm  what  had  been  said  in  the 
paper  as  to  the  perfectly  satisfactory  way  in  which  the  works  were 
running :  there  had  been  no  trouble  of  any  kind  with  the  engines, 
the  dynamos,  or  the  mains  ;  everything  had  gone  on  with  perfect 
smoothness  since  he  had  been  in  charge.  Judging  from  the 
experience  thus  far  obtained,  the  five-wire  system  he  thought  was 
no  harder  to  work  than  the  three-wire  system.  The  troubles  met 
with  were  of  the  same  nature  on  either  system,  arising  chiefly  from 
the  balancing  of  the  currents ;  and  these  difiiculties  had  been 
entirely  overcome  by  the  use  of  the  motor-generator  machines. 
Taking  the  mains  all  round,  he  considered  they  were  the  most 
satisfactory  of  any  that  had  hitherto  been  laid.  It  was  true  that 
the   insulation   of   the  bare  copper  mains  was  not  high ;   but  the 
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materials  of  whicli  tlie  conductors  and  the  insulators  were  composed 
must  be  permanent.  They  were  exceedingly  convenient  conductors, 
and  the  fii-st  cost  was  small.  Perhaps  the  best  testimony  that  could 
be  given  to  their  success  was  the  fact  that  it  was  intended  to  use 
bare  copper  in  the  fui-ther  extensions  about  to  be  made. 

Professor  W.  H.  Watkes^son  asked  what  was  the  consumption  and 
cost  of  the  coal  used.  It  seemed  to  him  that  a  higher  efficiency 
throughout  the  whole  working  would  be  obtained,  if,  instead  of 
using  Lancashire  boilers,  high-pressure  water-tube  boilers  were 
employed,  and  the  engines  were  arranged  so  as  to  work  practically 
without  expansion  at  the  maximum  load,  thereby  working  both 
boilers  and  engines  with  the  least  economy  at  the  maximum  load, 
which  lasted  only  a  short  time,  and  with  a  maximum  economy  at 
the  mean  load. 

Dr.  Edwaed  Hopkinsox  drew  attention  to  the  action  of  the 
transformers  or  motor-generators,  with  regard  to  which  the  figures 
that  he  had  obtained  were  interesting.  The  resistance  of  each  half 
of  the  armature  of  the  transformer  was  0*0125  ohm,  making  for  the 
two  sides  0  •  025  ohm.  Consequently  100  amperes  could  be  transferred 
from  one  side  to  the  other,  making  a  difference  in  the  balance  of  200 
amperes,  with  a  loss  of  only  2  •  50  volts  ;  this  was  the  measure  of  the 
value  of  the  transformers,  a  matter  of  great  importance  in  the 
regulation  of  the  system.  These  transformers  had  been  made  with 
ball  bearings,  as  already  described,  which  had  had  the  effect  of 
largely  reducing  the  friction  in  the  bearings.  Although  the 
machines  were  only  of  small  size  suitable  for  transferring  100 
amperes  from  one  side  to  the  other,  the  combined  efficiency  of  the 
double  transformation  was  over  85  per  cent.,  showing  a  commercial 
efficiency  of  92  per  cent,  for  each  machine.  This  was  a  good  result, 
to  which  no  doubt  the  ball  bearings  had  contributed.  With  regard 
to  the  large  generating  dynamos,  some  of  which  had  been  made  by 
his  firm,  Messrs.  Mather  and  Piatt,  it  was  of  interest  to  observe  that 
the  extraordinarily  high  commercial  efficiency  of  95  per  cent,  had 
been  obtained. 


July  1894.  ELECTRIC    LIGHTING    WORKS.  311 

Mr.  T.  Hurry  Eiches,  Member  of  Council,  liad  made  some  little 
use  of  ball  bearings,  and  still  more  of  roller  bearings.  His  experience 
had  been  that,  so  long  as  either  the  rollers  or  the  balls  were 
entirely  new  and  of  uniform  diameter,  so  that  they  would  keep  apart 
in  running,  there  was  little  objection  to  them,  and  the  friction  was 
minimised ;  but  when  any  appreciable  wear  had  occurred,  the 
hardest  balls  or  rollers  retained  a  larger  diameter,  and  over-ran  the 
others,  causing  a  considerable  amount  of  additional  friction  as  soon 
as  they  came  together,  because  the  contiguous  surfaces  of  the 
adjacent  balls  or  rollers  were  of  course  running  in  opposite 
directions,  and  dragging  against  each  other,  thereby  greatly 
increasing  the  friction,  and  producing  a  tendency  to  jam  each  other. 
To  avoid  this  difficulty  he  had  inserted  between  the  adjacent  rollers 
or  balls  a  free  roller  of  smaller  diameter,  which  did  not  carry  any 
of  the  load,  but  was  itself  carried  in  a  pair  of  live  rings,  clear  of 
the  roller  path  or  ball  race :  as  shown  in  Pigs.  22  to  25,  Plate  77, 
which  represented  the  roller  bearings  he  was  using  for  the  carrying 
wheels  of  the  steam  traverser  in  the  locomotive  running  shed  at 
Cathays,  Cardiff  (Proceedings  1884,  page  247).  The  surface  of  this 
intermediate  roller  was  always  running  in  the  same  direction  as 
that  of  the  roller  or  ball  in  contact  with  it  on  either  side;  and 
under  all  conditions  therefore,  whether  some  of  the  rollers  or  balls 
got  smaller  than  the  others  or  not,  it  materially  diminished  the 
friction  and  improved  the  ultimate  running. 

Mr.  Thomas  Parker  thought  that,  valuable  though  ball  bearings 
no  doubt  were  for  certain  applications,  their  use  in  the  motor 
generators  scarcely  afforded  a  good  tost  of  their  efficiency.  For  it 
was  easy  to  imagine  that,  if  the  motor  generators  were  properly 
balanced,  their  spindles  would  hardly  exert  any  pressure  on  tho 
bearings  ;  and  thus  it  might  be  that  the  balls  were  called  upon  to  do 
an  insignificantly  small  amount  of  work  in  that  position. 

Mr.  Joseph  Adamson  had  no  doubt  the  ejector  condensers 
mentioned  in  tho  paper  were  effective ;  but  he  should  like  to  know 
why  they  were  adopted,  and  whether  they  were  economical. 
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Mr.  John  Barr  also  asked  wlietlier  the  ejector  condenser  ■nas 
considered  as  economical  as  a  surface  condenser  or  a  jet  condenser. 
It  was  stated  that  the  condensing  water  was  raised  30  feet  in  order 
to  give  an  adequate  head ;  and  ho  enquired  whether  the  question  of 
the  power  so  expended  had  been  gone  into  as  affecting  the  economy 
of  this  method  of  condensing. 

Mr.  Bryan  Donkin  asked  whether  there  had  been  any 
experiments  with  regard  to  the  consumption  of  steam  in  these 
engines. 

Dr.  John  Hopkinson  was  glad  that  so  much  had  been  said 
on  the  question  of  ball  bearings,  which  he  had  refrained  from 
introducing  into  the  paper,  merely  in  order  to  avoid  giving  them 
an  undue  prominence  in  relation  to  the  other  parts  of  the  work. 
Ball  bearings  which  he  had  in  use  at  his  own  house  with  a  small 
dynamo  machine  had  now  been  working  nearly  a  year  with 
perfect  satisfaction,  the  machine  running  at  about  1,400  revolutions  a 
minute.  The  best  testimony  to  their  efficiency  was  that  his 
stable-boy,  who  had  charge  of  the  machine,  had  never  let  him  hear 
anything  about  them :  so  that  his  experience  of  them  was  simply 
that  they  had  been  in  use  during  that  j)eriod,  and  that  he  knew 
nothing  further  about  them.  The  advantageous  way  in  which  the 
motor  generators  worked  was  due  to  the  high  speed  at  which  they 
were  run,  namely  1,4.00  revolutions  a  minute,  or  thereabouts.  In 
consequence  of  this  it  was  possible  to  get  an  economical  machine 
with  low  electrical  resistance  ;  and  for  this  particular  purpose  it  was 
of  course  essential  that  there  should  be  a  low  resistance,  otherwise, 
when  the  load  to  be  transferred  became  at  all  considerable,  the  fall 
of  potential  would  also  be  considerable.  As  a  matter  of  fact  the  loss 
in  ordinary  transfer  might  be  said  to  be  inappreciable.  The  motor 
generators  were  here  used  in  a  way  different  from  that  in  which  they 
had  already  been  used  in  the  instances  mentioned  by  Mr.  Parker 
(page  304).  Here  they  had  not  to  deal  with  any  substantial  part  of 
the  power  transmitted,  because  they  had  really  nothing  to  do  with 
the  transmission  of  power,  but  merely  with  the  equalisation  of  any 
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little  difference  between  one  side  of  the  conductors  and  the  other. 
There  were  already  four  of  these  machines  in  use  at  different  outlying 
parts  of  the  system,  and  four  others  at  the  station  itself.  The  object 
of  the  four  latter  was  to  enable  the  central  station  to  run  with  only 
one  of  the  small  engines  during  the  times  when  the  load  was  light, 
and  to  effect  equalisation  throughout  the  conductors  when  only  the 
one  engine  was  in  use.  The  four  former  were  placed  in  two  cellars 
in  different  parts  of  the  system,  in  each  of  which  there  was  a  pair 
of  these  motor-generator  machines  mechanically  coupled ;  these 
machines  completely  got  over  the  difficulty  of  inequality  of  load, 
notmthstanding  the  fact  that  the  size  of  the  intermediate  conductors 
was  reduced  in  Manchester  much  below  what  had  been  the  general 
practice.  For  small  central  stations  he  could  not  advocate  going  so 
far  in  reduction  of  the  size  of  the  intermediate  conductors,  because 
it  was  desirable  to  avoid  the  necessity  for  introducing  anything 
like  these  motor  generators  except  in  connection  with  a  large  station. 
The  motor  generators  had  given  complete  satisfaction,  and  had 
annihilated  all  cause  of  trouble  from  inequality  of  load  between  the 
different  sections  of  the  system. 

With  regard  to  the  water  tank  forming  the  roof  of  the  boiler 
house,  he  doubted  whether  for  its  capacity  and  for  its  position  any 
tank  had  ever  been  made  so  cheaply  as  this.  From  the  way  in  which 
the  weight  was  carried  by  the  deep  girders  contained  in  the  depth 
of  the  tank  and  by  the  dished  plates  forming  the  bottom,  a  benefit 
resulted  in  the  minimum  quantity  of  material  being  required. 

It  had  been  suggested  by  Mr.  Head  (page  30G)  that  triple- 
expansion  engines  might  be  used  with  advantage  in  the  Manchester 
station.  Apart  from  the  question  whether  it  would  have  been  more 
desirable  in  the  first  instance  to  put  in  triple-expansion  engines, 
it  appeared  to  him  that  at  the  present  time  it  would  be  doubtful 
policy  to  vary  the  type,  now  that  engines  had  been  adopted  which 
were  giving  thorough  satisfaction.  Unless  there  was  strong  reason 
to  the  contrary,  there  was  great  convenience  and  advantage  in  the 
duplication  of  j)arts,  as  far  as  this  could  bo  carried  out.  In  working 
an  electric  lighting  station,  the  cost  of  the  coal  was  after  all  only 
one  item  ;  and  absolute  convenience  he  thought  was  on  the  whole  of 
still  greater  moment. 
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Tlie  jockey  pulleys  (page  309)  were  not  weighted  or  loaded,  but 
were  held  rigidly  by  means  of  adjusting  screws.  The  most 
advantageous  mode  of  using  such  pulleys  he  considered  was  to  bring 
them  down  as  lightly  as  possible  on  the  belt,  only  just  enough  to 
ensure  that  the  belt  should  bite.  The  result  then  was  that  the  belt 
passed  under  the  jockey  pulley  with  an  almost  free  bend,  touching  it 
over  only  a  small  arc ;  and  when  this  was  the  case  it  appeared  to 
him  that  any  loss  arising  from  the  use  of  jockey  pulleys  must  be 
exceedingly  minute.  A  portion  of  the  weight  of  the  pulley  was 
borne  by  the  belt,  and  consequently  did  not  come  upon  the  bearings 
of  the  pulley,  the  friction  of  which  must  therefore  be  but  small.  If 
it  were  worth  while  it  could  be  reduced  still  further  by  ball 
bearings  ;  but  he  thought  the  friction  was  not  of  such  moment  as  to 
make  it  worth  while  doing  so.  Another  source  of  loss  was  the 
friction  in  bending  the  belt ;  and  no  doubt  the  bend  under  the  pulley 
did  occasion  a  small  increase  of  friction.  With  a  link  belt  at  all 
events  this  friction  would  depend  in  large  measure  upon  the  tension 
of  the  belt  at  the  time  it  was  bent ;  and  as  the  jockey  pulley  was 
here  applied  upon  the  trailing  span  of  the  belt,  the  latter  was 
under  but  small  tension  when  bending  under  the  pulley.  For  these 
reasons  he  thought  there  could  be  no  doubt  that  the  jockey  pulleys, 
while  economising  space  in  a  large  measure,  had  practically  no 
countervailing  disadvantages.  The  small  dynamo  at  his  own  house 
was  driven  by  a  little  gas-engine,  which  had  a  driving  pulley 
4^  feet  diameter,  and  the  pulley  of  the  dynamo  was  something 
like  4^  inches  diameter,  and  was  placed  so  close  to  the  driving  pulley 
as  to  be  almost  underneath  it.  The  belt  was  no  longer  than  was 
absolutely  necessary  to  get  round  the  three  pulleys.  The  jockey 
pulley  worked  satisfactorily ;  indeed  it  had  been  three  years  in 
regular  work  without  causing  any  trouble  whatever. 

The  links  of  the  belts  were  not  shaped  to  the  form  of  the 
rounded  rims  of  the  pulleys  (page  309).  But  the  cross  bars  of  the 
belts  were  divided  in  the  middle,  and  the  two  halves  of  the  belt 
were  joined  by  leather,  so  that  it  would  bend  pretty  nearly  as  freely 
as  the  ordinary  leather  belt ;  it  was  found  that  it  worked  perfectly 
well.     These  link  belts  had  of  course  had  to  be  taken  up  from  time 
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to  time,  as  all  belts  liad  ;  but  as  far  as  be  knew  tbey  bad  not  been 
taken  up  more  tban  was  tbe  case  witb  ordinary  belts  used  witbout 
jockey  pulleys.  As  far  as  be  could  ascertain,  tbere  seemed  to  be 
a  prejudice  amongst  mecbanical  engineers  against  tbe  use  of  jockey 
pulleys  in  tbe  way  in  wbicb  tbey  were  bere  used ;  but  be  could  not 
in  tbe  least  see  wbat  was  tbe  reason  of  sucb  a  prejudice ;  and  until 
be  could  see  some  reason  for  an  objection  of  tbat  kind,  be  found  a 
difficulty  in  endeavouring  to  remove  it.  His  own  experience  of 
jockey  pulleys  bad  been  tbat  tbey  were  absolutely  and  entirely 
satisfactory,  and  be  sbould  not  besitate  to  put  tbem  in  anywbere 
wbere  driving  by  belts  was  adopted,  and  to  pack  in  tbe  driving 
pulley  and  tbe  driven  pulley  and  tbe  jockey  as  closely  as  tbey 
could  be  packed  togetber. 

Tbe  coal  consumption  (page  310)  for  tbe  six  montbs'  working 
during  last  winter  certainly  appeared  bigb;  but  undoubtedly  in 
anotber  year  it  would  be  brougbt  down  considerably  lower,  tbougb 
probably  not  so  low  as  to  be  equal  to  tbe  very  best  results.  Tbe 
bigber  consumption  bitberto  was  no  doubt  partly  due  to  tbe  caution 
of  tbose  wbo  managed  tbe  station.  As  was  well  known,  it  was 
essential  to  make  quite  sure  tbat  tbe  ligbt  sbould  not  be  stopped 
from  any  cause  wbatever.  For  tbis  reason  it  bad  been  tbe  practice 
to  keep  a  spare  boiler  always  under  steam,  ready  to  be  brougbt  into 
use  if  anytbing  went  wrong  witb  tbe  otber  boilers.  So  long  as  tbe 
station  continued  small,  tbis  entailed  a  considerable  loss  of  coal :  a 
loss  however  which  would  be  diminished  when  tbe  station  became 
larger  as  time  went  on.  Then  tbere  bad  been  tbe  coal  strike  in  the 
autumn  of  last  year,  which  bad  increased  considerably  tbe  price  of 
the  coal.  For  these  reasons  and  especially  in  tbe  first  year  he  thought 
it  could  hardly  be  expected  to  get  any  useful  figures  from  the  coal 
consumption  which  it  would  be  of  advantage  to  state.  Perhaps  a  year 
later,  when  tbe  station  bad  got  thoroughly  into  working  order,  and 
when  questions  of  minute  economy  had  not  to  be  put  aside  in  favour 
of  successful  running,  it  might  be  possible  to  give  tbe  figures  with 
advantage. 

As  to  tbe  ejector  condensers  (page  311),  he  was  well  aware  that 
they  would  not  give,  within  perhaps  as  much  as  an  inch,  so  good  a 
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vacuum  as  could  be  obtamed  with  jet  condensers  or  surface  condensers. 
The  reason  for  putting  them  in  here  had  been  their  exceedingly  great 
convenience.  The  air-pump  thus  became  absolutely  independent  of 
the  engine,  and  the  engine  itself  was  thereby  simplified.  No  trouble 
had  been  experienced  with  them,  and  engines  fitted  with  them  were 
worked  with  as  much  ease  as  an  ordinary  high-pressure  engine, 
and  with  greater  convenience  than  an  ordinary  condensing  engine, 
and  also  with  the  incidental  advantage  that  condensing  engines  had 
when  running  with  a  light  load.  If  everything  had  now  to  be  begun 
afresh,  he  was  sure  that  those  who  had  had  to  work  the  station 
would  be  strongly  in  favour  of  having  ejector  condensers  put  in 
again.  The  matter  of  convenience  in  the  working  of  a  central  station 
appeared  to  him  to  deserve  more  consideration  than  minute  economy 
of  coal.  It  was  no  doubt  true  that  a  little  more  coal  was  used  with 
ejector  condensers  than  with  surface  condensers ;  but  he  thought  it 
was  buying  cheaply  the  greatly  increased  convenience  obtained. 

With  regard  to  the  steam  consumption  (page  312)  there  had  been 
no  definite  tests  up  to  the  present  time.  Probably  when  the 
extensions  now  in  progress  were  less  engrossing,  steam  tests  would 
be  made  ;  and  whenever  this  was  done  he  was  sure  Mr.  Wordingham 
would  be  pleased  to  give  the  results  of  any  experience  he  might 
obtain. 

The  President  was  sure  the  members  would  wish  to  accord  to 
Dr.  Hopkinson  a  hearty  vote  of  thanks  for  his  paper  and  for  the 
remarks  that  he  had  made.  Those  who  had  not  yet  seen  the  electric 
lighting  station,  but  who  were  going  to  see  it  this  afternoon,  would 
he  was  confident  be  extremely  interested  in  it  and  learn  something 
from  their  visit,  no  matter  how  great  their  experience  might  have 
been  in  that  particular  direction.  It  was  certainly  one  of  the  most 
interesting  stations  in  the  country ;  and  he  made  this  statement 
from  a  personal  knowledge  of  a  majority  of  the  stations  throughout 
the  kingdom.  All  who  had  had  to  do  with  the  management  or  the 
working  of  such  stations  would  be  interested  not  only  in  the  station 
itself,  but  also  in  the  remarks  made  by  Alderman  Higginbottom,  and 
especially  in  his  account  of  the  straightforward  way  in  which  the 
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corporation  managing  the  station  during  the  first  year  had  boldly- 
treated  it  as  if  it  were  in  full  running,  and  had  written  off  the 
proper  amount  of  depreciation,  carrying  everything  to  revenue 
instead  of  putting  the  greatest  possible  amount  to  capital.  It  was 
greatly  to  their  honour,  and  greatly  to  the  interest  of  the  progress 
of  electric  lighting,  when  corporations  and  other  responsible  bodies 
in  general  treated  matters  in  this  way. 

When  the  members  wore  at  the  station,  he  wished  to  draw  their 
attention  to  a  matter  touched  upon  by  Mr.  Charles  Hoj)kinson 
(page  306),  namely  the  arrangement  of  the  steam  and  exhaust  pipes. 
It  was  always  difficult  in  large  stations  to  get  the  steam  pipes 
accessible  and  convenient  to  be  duplicated,  and  yet  out  of  the  way  of 
the  travelling  cranes.  By  the  arrangement  here  adopted  of  a  double 
column  in  the  centre  of  the  station  the  steam  pipes  were  got  exactly 
where  it  was  most  convenient  to  have  them.  They  were  quite 
accessible  in  every  way,  and  they  were  duj)licated,  and  yet  they  were 
kept  altogether  out  of  the  way  of  the  working  gear  of  the  station. 
That  was  a  mechanical  matter  which  he  thought  the  members 
would  be  interested  in  seeing.  He  had  naturally  been  interested 
in  what  Dr.  Hopkinson  had  said  about  the  insulation  of  the  mains 
and  the  satisfactory  use  of  bare  copper,  because  he  was  a  strong 
believer  in  the  use  of  bare  copper  when  it  was  possible  so  to  use  it ; 
and  certainly,  now  that  it  had  turned  out  to  be  possible  to  use  it 
under  circumstances  as  difficult  as  those  under  which  it  was  used  in 
Manchester,  its  use  might  be  considerably  more  extended  than  some 
engineers  had  anticijiated. 

The  fact  of  the  leakage  being  greatest  from  the  negative 
conductor  he  was  familiar  with  ;  and  it  was  Dr.  Ho2)kinson  who  had 
pointed  out  the  reason  of  this.  He  should  like  to  know  whether 
any  practical  difficulty  had  been  found  in  consequence  of  this  earth 
on  the  negative,  in  cases  where  the  Board  of  Trade  wished  the  middle 
wire  to  be  permanently  earthed,  as  was  the  case  with  a  five-wire 
system. 

Dr.  John  Hopkinson  replied  that  the  Board  of  Trade  insisted 
upon  the  middle  wire  being  earthed.     This  obligation  involved  a 


318  ELECTEIC  LIGHTING  WOEKS.  July  1894. 

(Dr.  John  Hopkinson.) 

certain  loss,  because  there  resulted  a  leakage  going  on  tlie  whole 
time  from  the  negative  conductor ;  and  they  should  be  glad  to  be  set 
free  from  the  obligation.  So  long  as  it  was  insisted  upon  by  the 
Board  of  Trade  it  would  have  to  be  done.  The  Manchester  station 
had  not  asked  to  be  relieved  from  the  obligation,  but  made  the  best 
of  it. 
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ELECTRIC  WELDING. 


By  Mb.  BENJAMIN  ALFKED  DOBSON,  Member  of  Council. 


Experience  in  Electric  Welding. — Practical  everyday  working  for 
nearly  three  years  of  the  process  of  Welding  by  Electric  Force 
enables  the  author  to  give  certain  indications  and  aj)preciations  of 
the  method  considered  as  a  practical  workshop  operation.  During 
this  period  his  firm  has  had  two  machines  in  oj)eration,  worked  from 
the  same  generating  dynamo,  and  emi:)loyed  on  different  classes  of 
work  :  one  is  specially  arranged  for  piecing  bar  iron  and  steel ;  and 
the  other  and  smaller  machine  for  special  classes  of  work  of  a  more 
delicate  description,  such  as  brazing  and  the  piecing  of  clean-finished 
work,  where  the  fire  heat  would  have  destroyed  the  quality  of  the 
work  on  the  adjacent  material. 

Mechanical  Power. — The  statement  made  with  regard  to  the 
requisite  mechanical  power  placed  great  difiiculties  in  the  way  at 
first,  as  it  was  found  that  this  power  had  been  much  understated. 
Having  something  like  35  indicated  horse-power  to  spare  on  a  certain 
engine,  and  understanding  that  30  horse-power  would  be  the  utmost 
wanted  in  order  to  piece  a  2-inch  round  bar,  the  author  determined 
to  drive  the  dynamo  from  this  engine,  particularly  as  it  was  in  close 
proximity  to  the  smithy  and  stretching  shed,  where  this  j)iecing  was 
previously  efi'ected  by  means  of  the  ordinary  smith's  hearth.  By 
this  practical  test  it  was  found  that  not  30  horse-j)ower  but  as  much 
as  80  horse-power  seemed  to  be  required  for  the  larger  sizes ;  and 
until  this  was  understood,  the  engine  was  frequently  stopjicd  from 
want  of  steam,  occasioning  great  loss  and  inconvenience.  The 
company  having  control  of  the  welding  machine  suggested  that  they 
should  supply  a  semi-portable  engine  and  boiler ;  and  that  this 
should  be  tried,  with  the  option  of  purchase  after  a  certain  length  of 
time,  if  approved.     This  was  agreed  to,  and  a  portable  engine  by 
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Messrs.  Marshall,  of  Gainsborough,  capable  of  working  up  to  100 
indicated  horse-power  with  80  lbs.  pressure,  was  supplied  and  placed 
at  a  distance  of  about  45  yards  from  the  welding  machine.  This  got 
over  the  difficulty  of  power,  but  M'as  of  course  more  expensive  on 
the  score  of  separate  attendance  and  other  cost.  But  even  with  this 
engine  it  was  foimd  that,  when  piecing  the  larger  diameters — and  as 
yet  nothing  over  2j  inches  has  been  pieced — if  the  work  was  to  be 
done  within  a  reasonable  time,  the  engine  was  seriously  checked  in 
speed.  It  was  therefore  with  a  view  to  be  certain  as  to  the  basis  of 
calculation  for  the  necessary  expenditure  on  driving  power  that  the 
experiments  which  follow  were  conducted. 

After  some  months'  working  with  the  portable  engine,  it  was 
proved  satisfactorily  that  the  process  was  a  practical  one,  and,  so  far 
as  the  results  to  the  author's  firm  were  concerned,  a  success.  As 
considerable  enlargements  were  about  to  be  made  to  the  establishment, 
a  portion  of  a  large  dynamo  room  for  electric  lighting  purposes  was 
set  apart  for  the  welding  dynamo  and  exciter ;  the  distance  of  the 
leads  from  the  dynamo  to  the  welding  machine  was  approximately 
100  yards.  Having  a  quick-running  vertical  engine  of  the  kind 
made  by  Messrs.  Fleming  and  Ferguson,  making  14.0  revolutions 
per  minute,  with  an  extra  heavy  fly-wheel  and  abundance  of  surplus 
power,  the  author  has  been  able  to  work  the  larger  diameters  without 
affecting  the  steadiness  of  the  arc  lamps  driven  off  the  same  engine ; 
and  as  the  load  will  vary  80  horse-power  in  the  tenth  of  a  second, 
this  result  speaks  well  for  the  arrangement  of  the  engine  and  for  its 
governing  powers.  The  greatest  variation  in  voltage  of  the  lighting 
dynamos  has  been  two  volts. 

Electric  Welding  Process. — The  following  account  of  the  principle 
of  electric  welding  is  taken  verbatim  from  a  paper  prepared  for  a 
former  meeting  of  this  Institution  by  Mr.  W.  C.  Fish,  on  the  Elihu 
Thomson  electric  welding  process. 

"  Princij^le  of  Electric  Weldi7ig. — Every  substance,  whatsoever  be 
its  i^hysical  nature,  is  heated  when  traversed  by  an  electric  current ; 
and  the  law  defining  the  quantity  of  heat  so  produced  is  as  precise 
and  as  clearly  ascertained  as  is  that  of  gravitation.     The  product 
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C'-^  B — that  is,  the  square  of  the  current  flowing,  multiplied  by  the 
electrical  resistance  of  any  considered  portion  of  the  circuit — is 
directly  proportional  to  the  heat-units  therein  produced.  For  a 
continuous  current,  the  resistance  of  an  infinitesimal  length  of  any 
conductor  is  inversely  proportional  to  the  area  of  its  cross-section, 
and  in  metals  increases  mth  increase  of  temj)erature.  Thus  in  iron 
the  resistance  increases  some  tenfold  with  a  rise  of  temperature  from 
0°  to  1000°  centigrade.  For  alternating  currents,  which  are  usually 
employed  in  welding,  the  resistance  of  a  conductor  no  longer  varies 
inversely  as  its  cross-section  ;  but  this  divergence  may  be  neglected 
without  error  in  the  description  of  the  process,  if  not  in  the  design  of 
the  welding  machine." 

The  photograph  in  Plate  78  shows  the  alternating  dynamo,  t£e 
exciter,  and  the  switchboard. 

Another  photograph,  Plate  79,  gives  a  view  of  the  larger  welding 
machine,  showing  clearly  the  method  of  clamping  the  work,  in  this 
instance  a  2-inch  round  bar ;  and  also  the  positions  of  the  transformer, 
the  rheostat  or  reactive  coil,  and  the  switches.  Plate  80  gives  a  view 
of  the  same  machine  employed  in  welding  a  ring. 

In  the  diagrams,  Figs.  4  and  5,  Plate  81,  the  welding  machine  is 
shown  in  front  and  end  elevation.  The  transformer  is  represented 
in  Figs.  7  to  10,  Plates  82  and  83  ;  and  the  reactive  or  choking  coil 
in\Figs.ill  andjl2,  Plate  83.  In  Fig.  6,  Plate  82,  is  shown  a 
general  plan  of  two  welders  arranged  in  parallel,  and  their  several 
connections. 

Dynamo.  —  The  Thomson  -  Houston  welding  dynamo  is  an 
alternating-current  machine.  The  field-magnets  project  inwards 
from  a  cast-iron  frame  having  six  pole-pieces.  Its  speed  is  1,000 
revolutions  per  minute,  and  it  gives  at  full  load  a  current  of 
200  amperes ,  at  300  volts,  having  a  frequency  of  100  complete 
alternations  per  second.  The  machine  is  excited  from  a  continuous- 
current  dynamo  giving  40  amperes  at  a  pressure  of  110  volts.  The 
large  welder  is_capable  of  piecing  iron  or  steel  bars  up  to  2  inches 
diameter. 

2  I 


322  ELECTRIC   "WELDING.  July  1894. 

Transformer. — The  primary  coils  consist  of  41  turns  of  0'452  incli 
copper  wire ;  these  are  coiled  round  an  ii-on  core  P,  Figs.  4  and  5, 
Plate  81,  formed  of  thin  sheet-iron  plates  bolted  together.  The 
secondary  circuit  consists  of  a  single  massive  copper  tube  T,  If  inch 
diameter  inside  and  3J  inches  outside,  passing  through  the  centre  of 
the  core  P,  and  connected  at  the  two  ends  with  massive  castings  MM 
6j  inches  broad  by  3  inches  thick,  which  support  the  welding- 
clamps  CC  ;  one  clamp  is  kept  stationary  during  the  welding,  and 
the  other  is  movable.  The  pressure  is  obtained  by  a  screw  and 
hand-wheel,  forcing  the  movable  clamp  towards  the  fixed  clamp. 

Elilm  Thomson  Welding  Process. — It  has  just  been  pointed  out 
that  the  heating  effect  of  the  passage  of  electric  energy  through  a  bar 
of  any  particular  resistance  is  proportional,  not  to  the  amount  of 
energy,  but  to  the  square  of  the  current  simply.  In  order  therefore 
to  obtain  the  greatest  heating  effect  with  a  given  amount  of  energy, 
it  is  advisable  to  use  a  very  large  current  at  a  very  small  pressure. 
With  this  object  an  alternating  current  is  employed  in  the  Thomson 
process,  and  transformed  down  from  something  like  300  volts  to 
1  volt  or  even  a  fraction  of  a  volt.  This  reduction  in  pressure  is 
accompanied  by  an  exactly  proportional  increase  in  current ;  and  the 
heating  effect  of  the  process  is  due  to  the  passage  of  this  enormous 
current  through  the  bar  which  is  to  be  welded.  The  bar  itself  is 
held  between  two  clamps  of  copper  having  a  small  resistance  ;  and 
the  portion  of  the  bar  to  be  heated  for  welding  is  that  which  lies 
between  the  two  clamps,  and  which  always  has  a  much  greater 
resistance  than  the  clamps  themselves  or  any  other  portion  of  the 
circuit.  Even  therefore  if  a  solid  bar  be  held  between  the  two 
clamps,  it  becomes  heated  somewhere  between  the  points  at  which  it 
is  held.  If  however,  as  is  the  case  for  welding,  the  bar  is  not  a  solid 
one,  but  has  a  break  in  it  at  the  j^oint  where  it  is  to  be  welded 
together,  then  the  greatest  resistance  in  the  circuit  is  at  the  surfaces 
of  this  break,  where  the  contact  is  imperfect.  Heat  is  developed 
here  at  once ;  and  the  surfaces  being  continuously  pressed  together 
by  special  apparatus,  the  metal  as  it  softens  is  squeezed  into  closer 
contact,  and  eventually  the  two  originally  separate  pieces  are  thereby 
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weldecT  together.  The  resistance  at  the  original  break  would  of 
course  become  diminished  as  the  metal  becomes  continuous  by 
welding,  if  it  were  not  even  more  increased  by  the  rise  of  temperature, 
and  the  consequent  fall  in  conductivity.  In  consequence  of  the 
latter  however,  the  temperature  of  the  metal  at  the  weld  continues 
to  rise  throughout  the  process  until  the  current  is  finally  cut  off. 
The  increase  of  resistance  with  temj)erature  automatically  necessitates 
also  the  uniform  heating  of  the  entire  cross-section  of  the  weld, 
because  any  cooler  portions  will  be  traversed  by  a  proportionately 
increased  flow  of  current  until  uniformity  of  temperature  is  obtained. 

Good  and  JBad  Welds. — It  must  not  be  imagined  that  a  good 
weld  can  always  be  made  by  pressure  alone.  No  doubt  if  the 
material  were  perfect  in  character  and  thoroughly  homogeneouSj. 
this  might  be  the  case.  The  iron  and  steel  of  commerce  are  not 
perfectly  pure ;  and  in  order  to  make  certain  that  the  work  may 
be  subsequently  depended  upon,  it  is  advisable  that  the  burr 
formed  by  the  pressure  should  be  reduced  by  hammering  in  swages. 
The  machine  shown  in  the  photographs.  Plates  79  and  80,  has 
a  screw  and  hand-wheel  for  applying  the  pressure  requisite  to  give 
the  welding  action  ;  and  this  machine  has  been  found  powerful 
enough,  so  far  as  its  mechanical  arrangements  are  concerned, 
for  piecing  iron  and  steel  bars  up  to  2  inches  diameter.  The 
distance  apart  of  the  clamps — or,  to  put  it  in  another  way,  the 
length  of  the  projection  of  the  material  to  be  pieced — varies 
according  to  the  nature  of  the  material  and  the  diameter  or  area  of 
the  weld  to  be  made,  and  is,  as  can  be  well  understood,  proportionately 
less  for  the  larger  sizes  and  greater  for  the  smaller.  There  arc 
limits  of  course  in  both  directions ;  but  these  limits  are  well  within 
the  machine  itself,  and  a  short  practical  esperience  teaches  the 
workman  the  distance  he  ought  to  set  his  machine.  Eoughly 
speaking,  for  the  smaller  sizes  the  projection  should  be  about  three 
times  the  diameter  of  the  piece,  and  for  the  larger  sizes  twice  the 
diameter.  "When  welding  pieces  of  different  diameter,  the  centre  of 
resistance  can  be  brought  to  the  point  of  contact  by  varying  the 
projection   of  the   different  diameters,  and   thereby  equalising   the 

'2    T    Q 
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resistance  in  tlie  projecting  portions.  Thus  in  piecing  1-incli  and 
1^-inch  bars,  tlie  l-incli  bar  migbt  have  to  project  some  3  inches, 
^nd  the  li-inch  bar  2  inches,  in  order  to  bring  the  centre  of 
resistance  to  the  point  of  contact.  This  principle  of  difference  of 
projection  applies  also  when  piecing  metals  of  different  quality.  It 
is  found  in  practice  that  the  current  should  not  be  turned  on  to  its 
full  strength  at  the  commencement  of  the  operation  ;  if  this  is  done, 
the  material  under  treatment  is  unnecessarily  damaged,  and  the 
general  life  of  the  machine  itself  is  injured.  As  the  surfaces  in 
contact  become  heated  and  the  resistance  is  increased,  the  rheostat 
or  regulator  of  power  or  choking  coil,  Fig.  12,  Plate  83,  is  gradually 
rturned  to  increase  the  volume  of  current  ;  and  immediately  before 
taking  out  of  the  clamps  for  the  purpose  of  swaging,  the  full  power 
xequired  is  turned  on  for  a  second  or  two. 

Method  of  WorJcing. — The  method  of  working  is  somewhat  on  the 
following  lines,  as  indicated  in  the  general  j^lan,  Fig.  6,  Plate  82. 
The  main  carrying  the  current  to  suj)ply  the  exciting  coils  of  the 
a,lternator  is  conducted  to  the  room  in  which  the  electric  welder 
is  placed.  The  main  is  attached  to  the  terminal  of  a  rheostat  or 
xesistance  coil,  and  a  return  main  is  connected  to  the  other  terminal 
and  is  returned  to  the  alternator,  and  from  this  another  main  is  led 
Jjack  to  the  exciter.  The  rheostat  now  being  in  series  with  the 
exciting  coils  governs  the  current  of  excitation,  and  thus  controls 
the  output  of  the  alternator.  A  double-pole  switch  has  one  pole 
■connected  with  the  primary  main  leading  to  the  primary  coil  of  the 
■electric  welder,  and  the  other  pole  connected  with  the  exciting- 
current  main  leading  to  the  rheostat:  so  that  this  switch  breaks 
the  exciting  circuit  and  also  the  primary  circuit  at  the  same  time. 
When  two  pieces  are  ready  to  be  welded,  the  double-pole  switch  is 
switched  in,  and  the  attendant  adjusts  the  rheostat  until  the  desired 
heat  is  obtained. 

The  ordinary  surfaces  of  bars,  whether  cut  by  shears  or  broken 
with  the  chisel  and  hammer,  are  found  sufficiently  uniform  to  permit 
■of  welding,  without  further  preparation.  Should  there  be  dirt  or 
I'ust  upon  the    surfaces,  it  is   easily   expelled   when  the  metal   is 
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sufficiently  soft  to  allow  of  the  end  pressure  of  tlie  screw  necessary  to 
form  union,  and  the  dirt,  scale,  or  oxide  makes  its  way  to  the  exterior. 

Work  done. — In  common  practice  at  the  author's  works  the 
following  materials  have  been  heated,  and  the  undermentioned  work 
has  been  performed.  Welding  of  steel  of  every  quality,  iron  of  every 
description  from  crown  to  best  roller  iron  and  charcoal  iron,  steel 
and  iron  together,  wrought-iron  and  cast-iron ;  different  diameters 
of  the  same  and  different  materials.  Eiveting  in  many  varieties : 
work  which  previously  had  to  be  riveted  cold,  and  which 
consequently  left  the  strength  of  the  parts  uncertain,  is  now  done 
easily  and  certainly  with  the  requisite  heat.  The  piecing  of 
countershafts  and  lathe  spindles,  where  the  question  of  exactness  of 
length  is  of  the  utmost  importance ;  screwing  taps,  rollers  and 
spindles  broken  in  the  neck  bearings,  and  brazing  of  all  descriptions^ 
have  all  been  successfully  treated.  The  alloys  which  have  been  tried 
have  been  done  more  for  the  purpose  of  experiment  than  for  any 
useful  end  ;  and  were  not  successful,  owing  to  there  not  having  beea 
time  to  persevere  sufficiently  for  ascertaining  the  precise  temperatures 
and  conditions  under  which  the  process  could  succeed. 

Power  required  for  Electric  Welding. — These  tests  have  been 
confined  to  the  welds  required  in  everyday  work,  and  have  varied, 
from  Vinch  steel  and  iron  to  2  inches,  as  shown  in  Table  1 
(pages  328-9).  The  measurement  of  the  alternating-current  power 
supplied  to  the  welding  transformers  is  attended  with  some  little 
difficulty,  owing  to  the  short  space  of  time  during  which  the  current 
and  electromotive  force  are  practically  steady.  As  also  every  piece 
of  iron  varies  in  resistance,  though  cut  from  the  same  bar,  the  jiower 
registered  is  continually  varying  in  the  welding  of  bars  of  the  same 
diameter.  Another  cause  accounting  to  some  extent  for  the  different 
jjowers  obtained  with  the  same  size  of  shafting  is  that  the  rheostat  is 
not  always  worked  from  the  same  segment  of  the  coils  through  the 
adding  or  deducting  of  the  resistance,  and  consequently  causes  a 
greater  or  less  excitation  cf  the  field  of  the  alternator,  thereby 
producing  a  greater  or  less  electromotive  force. 
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A  Siemens  electro -dynamometer  was  connected  in  series  with  tlie 
tliick-wire  coil  of  a  Siemens  watt-meter,  the  latter  being  in  series 
with  the  primary  coil  of  the  electric  welder.  Connected  across  the 
terminals  of  the  welder  was  the  thin-wire  coil  of  the  watt-meter,  in 
series  with  a  non-inductive  high  resistance.  A  Siemens  voltmeter 
for  the  measurement  of  alternating  volts  was  also  connected  across 
the  terminals  of  the  welder.  By  this  means  the  vii-tual  volts 
and  the  virtual  amperes  were  estimated  with  sufficient  accuracy ; 
and  at  the  same  moment  a  reading  was  taken  from  the  watt-meter, 
giving  the  true  watts  absorbed  in  the  transformer.  At  the  time 
of  taking  the  instrument  readings,  indicator  diagrams  were  taken 
from  the  engine,  which  afibrd  a  considerable  check  on  the  results 
obtained  from  the  watt-meter.  In  order  to  estimate  accurately  the 
power  taken  for  each  weld,  it  is  necessary  to  add  the  power  required 
to  excite  the  alternator,  and  the  power  lost  in  transmission.  For  this 
purpose  the  resistance  was  measured  of  the  mains  supplying  the 
current  to  the  primary  coil  of  the  welder,  and  also  the  resistance  of 
the  mains  carrying  the  exciting  current ;  the  former  was  0  •  2  ohm, 
and  the  latter  2  •  6  ohms. 

The  electrical  horse-power  given  in  Table  1  (pages  328-9)  is 
obtained  from  the  true  watts  shown  by  the  watt-meter,  divided  by 
746,  and  the  loss  in  the  mains  and  in  the  exciting  current  is  got  by 
calculation  ;  the  loss  in  friction  is  the  amount  of  power  required  to 
work  engine,  alternator,  and  exciter,  at  no  load. 

Strength  of  Welds. — The  following  particulars  are  taken  from 
Mr.  Fish's  draft  paper,  and,  owing  to  the  care  with  which  the  work 
seems  to  have  been  done,  may  be  depended  upon  as  correct.  He  says : — 
"  Twenty  electric  welds,  bent  hot,  were  bent  through  an  average  angle 
of  144  degrees  before  cracking.  Table  2  (page  330).  In  cold-bending 
tests  however  the  average  with  twenty  pieces  was  only  66  degrees 
before  failure  of  the  weld  occurred.  As  a  cause  for  this  comparatively 
early  failure,  Sii"  Frederick  Bramwell  suggests  the  extreme  locaKzation 
of  heat  in  the  electric  welding  process,  and  proposes  annealing  as  a 
remedy.  More  recently  a  few  welded  bars,  annealed  either  in  the 
forge  or  bv  re-heating  a  length  of  five  or  six  inches  in  the  welding 
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macliine  immediately  after  tlie  swaging  and  working  of  tlie  weld  was 
completed,  have  been  tested  by  bending  cold  under  tbe  steam 
hammer.  The  results  were  much  more  favourable  than  those 
obtained  by  Mr.  Kirkaldy,  the  average  angle  of  bend  at  which 
failure  occurred  being  about  130  degrees.  In  testing  welds  of 
smaller  sizes,  the  writer  has  experienced  but  little  difficulty  in 
bending  the  bars,  while  cold,  round  their  own  diameter ;  and  he 
suggests  that  in  the  Farnley  welds  failure  in  the  bending  tests  was 
hastened  by  error  in  the  method  emj)loyed  in  making  and  finishing  the 
weld,  as  well  as  by  any  possible  effect  due  to  the  localization  of  heat. 
"  In  testing  Bessemer  steel  welds,  Professor  Kennedy  obtained  the 
following  results  : — 

Diameter  of  bar 1-00      0-75      O-SOincli. 

Average   tensile    strength   of    ■welded    bar 

in  percentage  of  un welded     .         .         .        92        97 '5        100  j^cr  cent. 

The  decrease  in  efficiency  of  weld  with  increase  in  diameter 
would  seem  to  be  due  to  a  proportionately  smaller  butting  pressure 
during  the  welding.  A  high  percentage  of  strength  at  the  weld, 
80  -per  cent,  or  upwards,  and  probably  more  than  would  be  requii'ed 
in  any  practical  test  of  the  metal,  can  be  obtained  with  most  of  the 
hardest  steels.  Most  metals  that  are  commercially  pure,  and  certain 
alloys,  weld  with  little  loss  of  strength,  except  that  which  may  be 
due  to  the  annealing  effect  of  the  process ;  this  loss  may  amount 
possibly  to  a  total  of  10  or  15  per  cent. 

"  Conductivity  at  Weld. — Tests  made  by  Professor  Silvanus  P. 
Thompson  and  others  show  that  the  electrical  conductivity  at  the 
weld  is  practically  the  same  as  that  of  the  unwelded  material.  This 
result  is  possibly  an  index  of  the  soundness  and  homogeneity  of 
the  electric  weld." 

Conclusion. — The   practical   experiments   made   in    the   author's 

works    show   almost   a    better   conclusion   than    the   tests  shown  in 

published   tables   from   the   testing   machine  of  the  United  States 

arsenal ;  for  in  bending  cold  here  the  weld  has  rarely  given  way. 

continued  on  page  ool. 
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TABLE  2. 

Hcndlu'j  Tests  of  Electric  and  Hand  Welded  Mound  l\-incli  Bars 

of  Farnley  Iron. 

Electric  Welds  tcere  Butt.     Hand  Welds  loere  Scarf. 

Extracted  from  Messrs.  Kirlcaldjj  and  Son's  Report. 


Bent  COLD.        | 

Bent  HOT. 

Test 

No. 

Augle 

of 
Beud.  1 

Effect 

of 

Bending. 

Test 
No. 

Angle 

of 
Bend. 

Effect 

of 

Bendiug. 

Y 

Y 

404 

37° 

Broken 

444 

180' 

*  Cracked 

406 

65° 

Cracked 

446 

180° 

Uucracked 

408 

65° 

Broken 

448 

160° 

Cracked 

410 

34° 

Cracked 

450 

175° 

Cracked 

412 

58° 

Broken 

452 

94° 

Cracked 

^ 

414 

115° 

Broken 

454 

180° 

Uucracked 

o 

416 

65° 

Cracked 

456 

60° 

Cracked 

"Tj 

418 

57° 

Cracked 

458 

180° 

Uncracked 

?- 

420 

37° 

Broken 

460 

96° 

Cracked 

o 

422 

58° 

Broken 

462 

180° 

Uucracked 

1— 1 

424 

58° 

Cracked 

464 

180° 

t  Cracked 

426 

50° 

Cracked 

466 

81° 

Cracked 

O 

428 

90° 

Cracked 

468 

163° 

Cracked 

430 

150° 

Broken 

470 

98° 

Cracked 

H 

432 

95° 

Broken 

472 

180° 

Cracked 

434 

59° 

Cracked 

474 

90° 

Cracked 

436 

70° 

Cracked 

476 

120° 

Cracked 

438 

35° 

Cracked 

478 

180° 

Uncracked 

440 

55° 

Broken 

480 

180° 

Cracked 

442 

64° 

Cracked 

482 

117<^ 

Cracked 

Mean  "1 
of  20  / 

G6° 

Mean  \ 
of  20  j 

144° 

640 

60° 

Cracked 

662 

I  100° 

Cracked 

642 

180° 

Uncracked 

664 

75° 

Cracked 

't5 

Q 

644 

90° 

Cracked 

666 

180° 

t  Cracked 

646 

150° 

Cracked 

668 

180° 

t  Cracked 

[3 

648 

170° 

Cracked 

670 

180° 

t  Cracked 

p' 

650 

75° 

Cracked 

672 

180° 

t  Cracked 

« 

652 

180° 

Cracked 

674 

180° 

t  Cracked 

h- 1 

654 

180° 

Uncracked 

676 

90° 

Cracked 

656 

180° 

Cracked 

678 

180° 

t  Cracked 

H-l 

658 

180° 

Cracked 

680 

!  180° 

Uucracked 

660 

70° 

1  Cracked 

682 

•95° 

Cracked 

Mean  \ 
of  11  / 

138° 

1 

Mean  ' 
of  11  j 

147° 

Very  sliglitly  cracked. 


t  Slightly  cracked. 
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But  in  explanation  of  this  it  must  be  borne  in  mind  tliat  all  tbe 
piecings  ^of  plain  bars  are  bere  more  or  less  swaged.  It  is  well 
witbin  tbe  mark  to  state  tbat  there  is  not  one  out  of  five  hundred 
welds  which  turns  out  a  failure  or  even  defective. 

The  question  of  cost,  which  of  course  is  of  importance  to 
commercial  engineers,  has  not  been  alluded  to  in  detail.  The  author 
admits  however  that  the  payment  of  royalty,  the  cost  of  horse- 
power, and  the  depreciation  which  on  electrical  apparatus  is  heavy, 
together  bring  the  cost  considerably  over  the  net  cost  of  the  ordinary 
smith's  hearth  work,  while  the  actual  payments  in  wages  and  so  on 
are  considerably  less.  The  loss  in  weight  of  iron  is  about  one- 
twentieth  only.  It  may  be  taken  that  on  straightforward  welds 
the  total  cost  will  be  between  10  and  15  per  cent,  more  than  the 
ordinary  smith's  work ;  whereas  in  delicate  work  and  difficult 
operations,  such  as  have  been  alluded  to,  the  cost  will  probably  be 
one-third  of  the  smith's  work.  But  the  real  advantage  of  the 
apparatus,  at  any  rate  as  at  present  arranged,  is  not  so  much 
an  economy  as  a  method  of  securing  an  absolutely  reliable  result, 
and  occasionally  saving  considerable  expenditure  by  its  special 
adaptability. 


Dlscnssiort. 

Mr.  DoBSON  exhibited  a  collection  of  samples  illustrating  the 
kind  of  welding  that  the  machine  was  capable  of  doing  with  electric 
force.  One  was  a  sample  of  wrought-iron  welded  to  german  silver  ; 
others,  zinc  to  block  tin,  lead  to  block  tin,  and  steel  to  iron ;  another, 
copper  to  brass,  which  were  about  the  most  difficult  metals  to  weld 
that  he  had  yet  come  across  in  these  trials.  Another  sample, 
showing  the  effect  of  piecing  a  tube  in  the  machine,  had  been  cut 
through  obliquely  across  the  weld  with  a  view  of  showing  the  fibre 
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as  plainly  as  possible,  and  also  the  amount  of  burr  formed  inside  the 
tuba  by  the  pressure  in  welding.  Unless  the  tube  was  a  short 
length,  so  that  a  mandril  could  be  got  in  to  prevent  the  burr  from 
forming,  the  burr  was  an  inevitable  result  of  welding  by  this  or  any 
other  method  ;  but  it  was  found  that  the  burr  was  smaller  under 
electric  welding  than  under  the  ordinary  method  of  tube  welding. 
Two  specimens  of  welded  bars  of  wrought-iron  had  been  cut  obliquely 
through  the  centre  of  the  weld,  and  prepared  with  acid  in  order  to 
show  the  curvature  of  the  fibre  under  the  pressure  and  the  subsequent 
swaging.  One  peculiarity  of  these  was  that,  in  treating  them  with 
acid,  the  portion  of  the  bar  which  had  been  underneath  in  the  operation 
of  piecing  was  everywhere  eaten  into  more  easily  than  the  portion 
which  had  been  uppermost ;  and  he  should  be  glad  if  some  one  who 
knew  more  about  it  would  explain  why  this  was  so.  Another  sample 
was  a  piece  of  ordinary  commercial  bar-iron  bent  over  cold  on  itself 
at  the  weld,  showing  that  it  had  been  bent  completely  without  any 
signs  of  failure.  Another  specimen  showed  how  a  flat  iron  bar  was 
squeezed  up  by  the  end  pressure  in  the  machine,  and  then  a  drift 
was  driven  through  the  enlarged  part  while  still  hot,  to  make  a  hole 
through  it  there ;  this  was  one  of  the  things  which  could  be  made  on 
the  machine  cheaper  than  by  any  other  process.  Another  piece  was 
a  flat  welded  bar  that  had  been  pieced,  and  then  twisted  round  at 
the  weld  to  ascertain  whether  under  such  treatment  there  was  any 
l)art  of  the  bar  that  would  show  any  sign  of  weakness ;  no  sign  of 
the  kind  however  could  be  detected.  It  had  not  been  found  that 
any  portion  of  the  welded  bars,  whether  flat  or  round,  had  any 
difference  of  strength — that  one  part  was  any  weaker  or  stronger  than 
another ;  the  only  peculiarity  was  the  one  he  had  alluded  to,  namely 
the  differing  eftect  of  acid  upon  the  fibre.  A  sample  was  shown  of 
two  pieces  of  boiler  plate  riveted  together  in  the  electric  welding 
machine  ;  it  appeared  to  be  a  satisfactory  piece  of  work.  As  could 
be  well  imagined  from  these  examples,  the  machine  lent  itself  to  an 
almost  endless  variety  of  purposes.  By  this  means  it  was  possible  to 
do  things  that  could  not  be  done  in  any  other  way ;  and  he  had  no 
doubt  that,  as  the  plan  came  to  be  better  understood  and  to  receive  a 
more  general  application,  repair  work  on  ships  in  difficult  portions 
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of  the  liull,  and  other  work  of  that  kind,  could  be  done  with 
electricity  in  cases  in  which  the  repairing  was  now  a  most  serious 
and  exj)ensive  business.  As  he  did  not  profess  to  have  anything 
more  himself  than  a  superficial  knowledge  about  electricity,  Mr. 
Cockerill,  who  had  been  good  enough  to  carry  out  the  experiments 
for  him  and  understood  the  matter  thoroughly,  would  be  glad  to  give 
any  information  upon  technical  questions  that  might  be  asked  ; 
while  in  regard  to  the  mechanical  parts  of  the  subject  he  should 
himself  be  happy  to  answer  any  enquiries. 

The  President  pointed  out  that,  although  in  the  present  paper 
a  particular  plan  of  electric  welding  was  described,  the  discussion 
was  of  course  open  to  remarks  on  other  jilans,  and  also  to  any 
remarks  from  a  general  jwint  of  view  as  to  the  ai^plicability  of  the 
plan  to  particular  classes  of  work,  which  either  could  not  be  done  so 
well  or  could  not  be  done  at  all  without  its  use. 

Mr.  Alfred  Saxon  had  been  much  interested  in  smithy  work  for 
a  number  of  years,  and  should  hail  any  new  method  of  welding 
from  which  he  might  be  able  to  obtain  the  benefit  of  any  advantage 
there  might  be  in  working  it,  although  it  might  not  displace  entirely 
the  old  methods.  The  plan  described  in  the  paper  was  after  all 
somewhat  limited  in  its  apjjlication  to  smithy  work  in  a  general 
engineer's  workshop.  It  was  stated,  for  example,  that  in  the  machine 
worked  by  the  author  bars  of  iron  and  steel  had  not  yet  been  pieced 
of  more  than  2^  inches  diameter.  In  break-downs  however  and 
other  work  it  was  often  necessary  in  an  engineer's  smithy  to  piece 
bars  of  iron  and  steel  up  to  4  and  5  inches  diameter.  It  seemed  to 
him  that  it  would  be  less  expensive  to  couple  long  shafts  by  couplings 
than  to  weld  them  by  the  method  now  described ;  in  designing  new 
work  particularly,  couplings  might  be  introduced  where  bars  of  iron 
and  steel  could  not  be  got  of  suitable  length  ;  but,  owing  to  steel 
makers  and  iron  manufacturers  producing  bars  of  greater  length  than 
formerly,  there  was  not  now  so  much  difficulty  in  this  direction  as 
there  had  been  in  past  times.  It  aj)peared  to  him  that  the 
mechanical  power  required  for  piecing  large  bars  of  iron  or  steel 
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would  be  enormous.  If  as  mucli  as  80  horse-power  was  rec[uired  for 
welding  a  2J-inch  bar  (page  320),  be  sbould  be  glad  to  know  what 
the  author's  idea  was  as  to  the  horse-power  that  would  be  required 
for  piecing  a  5-inch  or  6-inch  bar. 

In  reference  to  good  and  bad  welds  and  to  the  necessity  of 
swaging,  he  could  quite  corroborate  the  experience  of  the  author : 
swaging  was  undoubtedly  an  advantage.  In  addition  to  the  examples 
given  in  page  325  of  work  done  by  electric  welding,  he  believed  that 
steel  foundries  were  now  using  the  electric  welding  process, 
presumably  to  improve  the  quality  of  the  castings,  or  at  any  rate 
their  appearance;  and  owing  to  the  ability  to  weld  together  by 
electricity  even  different  kinds  of  material,  he  imagined  indeed  that 
it  sometimes  occurred  that  cast-iron  had  been  welded  in  with  steel 
castings.  Electric  welding  of  large  steel  castings  he  thought  must 
be  of  a  very  local  character :  in  his  opinion  the  process  would  not 
add  to  the  strength  of  the  casting,  but  might  enable  a  casting  slightly 
defective  in  appearance,  yet  with  sufficient  margin  of  strength,  to  be 
utilised,  which  would  otherwise  have  to  be  rejected.  He  had  himself 
had  some  experience  of  another  kind  of  welding  machine,  which  was 
worked  by  hand  power  ;  it  was  rather  an  inexpensive  machine,  and 
was  capable  of  welding  bars  up  to  5  inches  diameter ;  it  appeared  to 
Mm  to  be  useful  in  a  general  engineer's  workshop,  especially  if  it 
were  improved  as  he  considered  it  was  capable  of  being.  Perhaps 
the  application  of  [hydraulic  pressure  instead  of  hand  power  for 
forcing  the  pieces  together  in  this  machine  would  make  welding  even 
more  safe  for  large  bars  than  it  was  at  present.  But  it  seemed  to 
him  that  it  would  be  necessary  to  look  in  some  other  direction  than 
that  of  electricity  for  the  means  of  dealing  with  large  bars  :  at  any 
rate  to  engineers  not  possessing  a  large  amount  of  capital  such  an 
array  of  machinery  as  had  been  described  in  the  paj)er  would  be 
too  serious  an  expense  for  a  forge  or  for  an  ordinary  smithy.  None 
the  less  was  he  much  obliged  to  the  author  for  having  taken  so  much 
trouble  in  making  a  thorough  practical  trial  of  electric  welding,  and 
for  having  shown  by  the  results  given  in  the  paper  that  at  any  rate 
at  present  for  an  ordinary  engineering  workshop  the  plan  was  more  a 
luxury  than  a  necessity. 
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Mr.  Thomas  Cockerill  said  tliat,  as  to  tlie  chemical  effect  of 
the  acid  upon  the  iron  on  opposite  sides  of  the  weld  (page  332), 
he  was  himself  rather  at  a  loss  for  an  explanation  of  the  difference 
observed  between  the  upper  and  lower  parts  of  the  section  of  the 
welded  bar.  After  the  iron  had  been  cut  obliquely  through  the 
weld,  it  had  been  put  into  a  solution  containing  10  per  cent, 
of  sulphuric  acid;  and  he  thought  that,  as  the  two  pieces  of 
iron  welded  together  had  not  been  cut  from  the  same  bar  but 
from  different  bars,  the  one  might  be  slightly  more  positive  than 
the  other,  and  therefore  in  the  solution  an  electric  action  might 
be  set  up  between  the  two,  with  the  result  that  the  positive  piece 
was  more  acted  upon  than  the  negative.  This  was  only  a  theory 
of  his,  and  it  might  be  entirely  wrong,  as  he  had  not  yet  been  able 
to  examine  the  matter  sufficiently. 

In  respect  to  the  measurements  of  the  current  which  were  given  in 
the  paper,  all  the  instruments  used  had  been  accurately  tested  twice 
over,  so  as  to  make  sure  of  their  correctness.  Besides  this,  the 
indicated  horse-power  had  also  been  measured,  which  in  almost  every 
instance  came  out  very  near  to  the  total  electrical  horse-power,  after 
allowing  for  the  loss  in  the  mains  and  the  loss  in  friction,  as  seen  in 
Table  1  (pages  328-9).  The  electric  welder  he  was  confident  could 
weld  work  of  any  magnitude,  if  only  it  was  furnished  with  sufficient 
power.  The  piecing  of  a  5-inch  or  6 -inch  shaft  by  electricity  had 
been  spoken  of  (page  334)  as  impracticable  on  account  of  the  cost. 
The  latter  however  he  thought  would  be  but  little.  For  a  1-inch  bar 
of  Bessemer  steel  it  was  seen  from  Table  1  that  only  27*6  electrical 
horse-power  was  required  at  the  welder  for  51  seconds  ;  and  to  piece 
a  2-inch  bar  required  only  59  electrical  horse-power  for  243  seconds. 
These  were  the  figures  apart  from  the  loss  of  power  in  the  main  ;  and 
from  Table  1  it  was  seen  that  there  was  a  large  loss  on  that  account, 
in  consequence  of  the  electric  welder  being  such  a  long  Avay  from 
the  dynamo.  With  electric  welding  he  considered  any  kind  of  work 
could  be  done,  and  when  the  time  was  taken  into  account  the  power 
was  not  excessive  and  the  cost  not  disjiroportiouate ;  nor  could  the 
process  by  any  means  be  regarded  as  only  a  luxury. 


3S6  ELECTRIC    WELDING.  Jl'LY  1894. 

Mr,  C.  Fkewex  Jexkix,  having  had  cliarge  for  a  time  of  wliat  lie 
believed  had  been  the  first  electric  welder  in  England,  namely  the 
one  used  by  Mr.  Webb  at  Crewe,  desired  to  congratulate  the  author 
on  the  success  of  the  work  he  had  turned  out.  The  machine  at 
Crewe  had  not  always  been  found  successful.  It  was  an  unadvisable 
arrangement,  he  thought,  for  an  electric  welder  to  be  driven  from  a 
main  shaft ;  but  the  author  had  succeeded  in  doing  this.  At  Crewe 
it  had  certainly  produced  great  variations  in  speed,  and  the  speed  of 
the  rest  of  the  machinery  in  the  shop  audibly  pulsated  down  and 
up  as  the  welder  worked.  The  power  of  course  came  on  for  a  few 
seconds  only,  but  during  those  few  seconds  it  was  very  great. 

With  regard  to  the  projection  of  the  bars  beyond  the  clamps  in 
the  welding  machine,  he  thought  there  must  be  some  mistake  in  the 
statement  in  page  323  ;  surely  the  larger  bars  would  project  further 
than  the  smaller.    In  page  324  it  was  stated  that  no  preparation  of  the 
surfaces  to  be  joined  was  necessary  ;  but  with  ordinary  iron,  at  any 
rate  when  it  was  dirty  or  when  there  was  any  scale  on  it,  he  thought 
it  was  necessary  to  file  up  the  surfaces  that  were  in  contact  with  the 
clamps,   so  as  to  get  the  rough  scale  off.     All  the  ordinary  kinds  of 
welding  had  been  successfully  carried  out  at  Crewe ;  but  the  main 
object  for  which  the  electric  welder  had  been  obtained  had  been  for 
the   welding   of  boiler  tubes,  and   for   this  purpose  it   had  been 
unsuccessful.    In  Figs.  13  and  14,  Plate  84,  were  shown  the  ordinary 
ways  in  which  tubes  were  welded.     For  boiler-tube  welding  it  had 
been  found  that  the  butt  joint  shown  in  Fig.  13  was  useless.     The 
ends  had  to  be  prepared,  so  as  to  make  the  lap  joint  shown  in  Fig.  14  ; 
and  even  then,  as  far  as  he  remembered,  about  7  per  cent,  of  the 
tubes  so  welded  had  minute  pin-hole  leaks.     The  tubes  were  of  steel, 
and  their  ends  had  to  a  certain  extent  been  burnt,  from  having  been 
used  in  locomotive  boilers ;  and  when  new  ends  were  pieced  on  by 
electric  welding,  it  was  found  impossible  to  avoid  the  pin-holes  at 
the  weld,  which  were  sufficient  to  let  the  water  leak  through.     The 
joints   themselves   stood   hydraulic   pressure,  but   the   water   oozed 
through  these  minute  leaks ;  and  the  plan  had  been  abandoned  for 
that  reason.     The  difficulty  of  the  burr  inside  had  been  got  over  by 
suitably  shaping  the  ends   of  the  tubes,  and   after  they  had  been 
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welded  swaging  thorn  on  a  central  mandril,  whicli  was  pushed  into 
the  end  after  the  tube  had  been  taken  out  of  the  clamps. 

The  great  difficulty  in  ascertaining  the  power  required  for  working 
an  electric  welder  lay,  he  considered,  in  estimating  correctly  the  time 
occupied.  A  continuous  recorder  he  suggested  should  be  put  on 
the  steam  engine,  by  which  the  indicated  horse-power  could  be- 
added  up  continuously.  Having  himself  used  such  an  indicator  on  a 
rolling  mill,  he  thought  if  it  were  put  on  the  engine  employed  for 
electric  welding  it  would  give  an  accurate  record  of  the  total  boree- 
j)ower  indicated  for  each  weld.  The  record  given  in  page  331  of  the 
percentage  of  failures  was  remarkable,  not  one  out  of  five  hundred 
welds  having  been  defective.  At  Crewe,  where  there  had  not  been 
at  that  time  so  much  experience  as  the  author  had  now  had,  the 
failures  were  certainly  more  numerous. 

Mr.  Edgar  Worthington  said  the  author  was  certainly  to  be 
congratulated  on  having  such  a  large  percentage  of  successes  in  the- 
welds  he  had  made.  It  appeared  to  him  that  finishing  the  welds  by 
swaging  was  to  a  large  extent  the  cause  of  the. great  proportion  of 
successes.  In  irregularly  shaped  parts  which  were  sometimes  welded 
by  electricity,  he  thought  it  was  not  i)ossible  to  swage  after  the 
welding  had  been  performed  :  in  which  case  the  pressing  together  of 
the  two  parts  in  welding  was  entirely  done  either  by  a  screw,  as  shown 
in  Fig.  4,  Plate  81,  or  in  larger  pieces  by  hydraulic  pressure.  With 
regard  to  size,  it  was  unfortunate  for  the  information  of  the  members 
that  the  author's  experience  in  electric  welding  was  limited  to  pieces 
not  exceeding  2j  inches  diameter.  It  had  been  his  own  good  fortune 
to  witness  in  the  United  States  electric  welding  of  much  larger 
sections ;  and  although  he  was  not  able  to  give  the  horse-power 
absorbed,  it  might  be  interesting  to  mention  that  sections  of  9  square 
inches  were  welded  about  every  ten  minutes  in  making  the  steel 
crossings  for  electric  street  railways.  That  was  done  in  order  to 
avoid  so  many  irregular  and  complicated  fish-plates  in  making  the 
crossings  of  the  electric  railways  so  much  used  in  that  country. 
The  machines  used  for  that  purpose  were  really  treble  machines. 
One  was  a  large  welder,  carried  iu  a  crane,  and  deposited  on  the  top 
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of  tlie  deep  rails  to  be  weldecl ;  tlien  a  horizontal  machine  on  each 
side  was  brought  forward  into  contact  with  the  rail  surfaces,  which 
were  rendered  clean  by  a  dry  emery  wheel  so  as  to  ensure  complete 
contact  of  the  poles.     The  three  welding  machines  were  all  under 
the  control  of  one  man,    who  increased  or  diminished  their  power 
according  to  the  shape  and  thicliness  of  the  section  which  they  were 
heating.     Hydraulic  pressure  was  brought  to  bear  ujDon  the  work  by 
a   second  man  ;   and  a  third  man  was  in  readiness  for  odd  work. 
While  one  rail  of  92  lbs.  per  lineal  yard  was  being  welded,  which 
occupied  a  space  of  six  minutes  during  the  heat  application,  other 
similar  sections  or  other  pieces  of  work  were  being  prepared  upon 
temporary  platforms  ;   so  that,  as  soon  as  one  weld  was  completed, 
another  was  ready  to  bring  round  to  the  welding  machine.     That 
seemed   to   him   to  be  the  principle  of  the   commercial  success  of 
electric  welding,  because,  as  pointed  out  by  the  author,  an  expensive 
plant  was  necessary  for  providing  the  large  amount  of  power  which  was 
rec[uired  for  perhaps  only  a  few  seconds  at  a  time,  thereby  rendering 
the  work  very  costly ;  it  was  therefore  only  by  frequent  application 
of  the  power  that  economy  could  be  obtained.     Of  other  methods  of 
electric  welding,  the  use  of  an  electric  arc  for  the  purpose  had  been 
carried  out — perhaps   in   some  instances,    as   had   been    suggested 
(page  334),  for  improper  purposes — but  also  successfully  for  ordinary 
and  proper  commercial  purposes.     The  arc  arrangement  consisted  of 
a  carbon  point,  something  like  that  of  an  arc  light,  which  was  held 
in  the  hand  by  an  ordinary  wooden  handle,  and  was  screened  from  the 
face  of  the  operator  by  a  large  semi-ojiaque  disc,  through  which  he 
could  see  the  point  of  the  arc ;  he  had  also  to  wear  glasses,  because 
of  the  dazzling  light  from  the  arc  point.     The  work  itself  formed 
the  other  pole.     In  the  working  the  operator  had  four  powers  under 
his  control,  that  is,  he  could  bring  one,  two,  three,  or  four  measures 
of  current  to  bear  upon  the  work.     This  method  was  used  chiefly  for 
local  welding,  and  really  entailed  the  melting  of  the  metal.     It  was 
also  useful  for  welding  small  articles  which  did  not  require  much 
pressure  to  be  brought  to  bear  upon  them,  or  which  did  not  requii-e 
much  hammering.    When  he  saw  the  arc  welding  at  work,  one  of  the 
processes  happened  to  involve  its  use  in  the  place  of  a  drilling  and 
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slotting  macliine.  The  oi^eration  was  to  cut  a  recess  in  an  iron 
casting ;  and  instead  of  cutting  this  out^by  drilling  and  slotting,  it 
was  burned  away  by  the  i^ole  of  the  arc. 

Mr.  Henry  Webb  wished  to  corroborate  what  had  been  said  in 
the  paper  as  to  the  quality  of  the  work  done  by  the  welding  machine 
at  the  author's  works.  He  had  had  frequent  opportunities  of  seeing 
it  in  operation  there,  and  had  been  astonished  at  the  splendid  work 
turned  out.  He  had  seen  all  kinds  of  sections  operated  upon,  and  as 
far  as  he  could  observe  the  result  was  simply  perfect.  The  ease  of 
the  work  and  the  shortness  of  the  time  in  which  it  was  accomplished 
were  exceedingly  remarkable.  He  had  early  come  to  the  conclusion 
that  one  condition  required  for  successful  working  was  continuous 
woi'king,  best  expressed  by  the  word  "  legion."  Where  the  machine 
could  work  500  welds  of  one  kind  and  500  of  another,  following  on 
one  after  the  other,  there  electric  welding  was  simply  perfect ;  but, 
as  pointed  out  by  Mr,  Saxon  (page  334),  if  the  electric  welder  had  to 
go  into  a  jobbing  shop,  and  after  being  used  for  one  kind  of  work 
had  to  be  changed  every  few  minutes  for  another  kind,  he  thought  it 
had  better  not  be  adopted. 

Mr.  Jeeemiah  Head,  Past-President,  questioned  whether  the  term 
electric  welding  was  not  somewhat  of  a  misnomer,  and  whether 
the  operation  ought  not  rather  to  be  called  electric  fusion.  What 
he  had  hitherto  been  accustomed  to  regard  as  welding  had  consisted 
in  taking  advantage  of  the  property  which  iron  and  some  other 
metals  possessed  of  becoming  plastic  at  a  temperature  somewhat 
short  of  fusion :  when,  if  the  surfaces  were  perfectly  clean  and 
brought  together  with  some  pressure,  they  would  adhere  and  become 
homogeneous.  In  the  present  case  it  was  clear  from  the  specimens 
exhibited  that  metals  which  were  dissimilar  could  be  brought 
together  and  united.  But  it  seemed  scarcely  conceivable  that 
wrought-iron  and  cast-iron,  for  example,  which  wore  here  shown  to 
be  united,  were  welded  in  the  ordinary  meaning  of  the  tei'm; 
it  appeared  to  him  to  be  more  in  the  nature  of  a  fusion  of  the 
two  materials.     And  not  only  so,  but  when  the  smith  brought  two 
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pieces  of  iron  together  and  lieated  tliem  to  a  welding  heat,  lie 
knew  that  in  transferring  them  from  the  fire  to  the  anvil  the 
oxygen  of  the  air  united  with  the  iron  at  that  temperature,  and 
formed  a  scale,  which  was  the  almost  infusible  magnetic  oxide  of 
iron.  Before  he  welded  the  pieces  he  threw  on  them  certain  fluxes, 
sand  for  example,  which  uniting  with  the  magnetic  oxide  formecJ 
a  silicate  or  fusible  slag.  He  thereby  got  the  two  surfaces  perfectly 
clean,  and  they  would  unite  properly.  In  page  325  of  the  paper 
it  was  mentioned  that  the  dirt,  scale,  or  oxide  made  its  way  to 
the  outside ;  but  nothing  was  said  about  using  any  fluxes  to  assist, 
as  was  done  in  the  ordinary  welding  process.  There  were  some 
kinds  of  iron  which  were  exceedingly  difficult  to  weld ;  and  the 
curious  thing  was  that  the  purer  and  better,  or,  as  the  forgemen  said, 
the  drier  the  iron  was,  so  much  the  more  difficult  was  it  to  weld, 
because  it  did  not  contain  any  of  that  silicate  of  iron  which 
enabled  the  surfaces  to  be  kept  perfectly  clean  when  they  were 
brought  together.  From  the  trials  of  the  electric  welding  process 
at  the  Crewe  Works  the  opinion  had  already  been  expressed  by 
Mr.  Jenkin  (page  336)  that  the  rough  scale  ought  to  be  filed  off  the 
surfaces  of  ordinary  smithed  iron  before  they  were  brought  together 
in  the  electric  welder.  This  seemed  to  j)oint  to  the  absence  of  the 
use  of  any  flux  ;  yet  how  the  author  managed  to  do  without  it,  if  he 
did  do  without  it,  he  himself  could  not  understand.  His  idea  that 
there  was  actual  fusion  of  the  metal  at  the  uniting  surfaces  seemed 
to  be  confirmed  by  the  experience  of  what  had  been  alluded  to 
(page  338)  as  an  improper  use  of  the  electric  current,  namely  for 
filling  up  blow-holes  in  steel  castings  and  for  similar  purposes. 
That  this  was  an  improper  use  he  did  not  indeed  admit ;  in  fact  it 
seemed  to  him  to  be  a  necessary,  desirable,  and  proper  use  of 
electricity.  Having  several  times  watched  this  use,  proper  or 
improper,  he  had  noticed  that  absolute  fusion  seemed  to  take  place. 
It  certainly  seemed  to  him  a  meritorious  thing  by  this  means  to 
convert  a  casting  which  was  spoiled  by  a  few  blow-holes  into 
a  good  sound  casting  fit  for  use ;  it  was  quite  a  different  procedure 
from  employing  putty  or  anything  of  that  kind  to  patch  up  the 
appearance  of  defective  work.     One  description  of  work  to  which  he 
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had  seen  electric  welding  applied  lie  regarded  as  more  difficult  than 
anything  which  had  yet  been  mentioned,  namely  the  welding  of  the 
seams  of  steel  casks  for  carrying  petroleum.  These  casks  were  made 
of  thin  steel  plates,  not  more  than  l-16th  inch  thick ;  such  casks 
were  being  made  at  the  Bowling  works  at  present.  By  electric 
welding  they  were  now  made  without  any  riveting  whatever ;  a 
seam  as  long  as  2J  feet  of  these  two  thin  plates  was  welded  together 
so  as  to  be  perfectly  tight ;  and  if  it  would  stand  the  searching  nature 
of  petroleum,  it  would  not  let  anything  else  get  through.  The  ends 
were  also  welded  all  round  by  means  of  an  arc  welding  apparatus. 
The  casks  were  afterwards  tested,  and  proved  to  be  tight  before  they 
were  sent  out ;  they  were  now  being  manufactured  he  believed  on  a 
commercial  scale. 

Mr.  Thomas  Clarkson  asked  whether  there  was  any  difference  of 
procedure  in  the  welding  of  rings,  like  that  shown  in  Plate  80,  which 
seemed  to  be  a  different  kind  of  work  from  any  of  the  others 
mentioned.  If  the  ring  were  much  shorter  than  the  hoop  here 
illustrated,  it  seemed  to  him  that  there  might  be  some  difference  in 
the  result ;  a  shorter  ring  he  imagined  might  take  a  longer  time  to 
weld.  One  great  advantage  of  the  plan  appeared  to  be  that  the 
result  was  independent  of  the  previous  condition  of  the  surfaces ; 
in.  the  very  process  of  welding  they  became  beautifully  clean.  By 
means  of  electricity  he  had  seen  bars  one  inch  square  of  a  highly 
complex  alloy  effectually  welded  together ;  the  alloy  contained 
manganese,  copper,  zinc,  tin,  and  several  other  elements,  and  the 
flux  used  was  simply  borax ;  the  welding  was  done  in  the  way 
described  in  the  paper,  and  was  a  very  good  job.  That  electric 
welding  was  really  performed  by  actual  fusion  of  the  metal,  as 
urged  by  Mr.  Head  (page  339),  could  be  readily  seen  by  watching 
the  process  now  adopted  for  welding  copper  telegraph  wires 
automatically  by  electricity  :  the  two  ends  were  pressed  together  by 
a  spring,  and  immediately  that  the  metal  was  softened  the  spring 
pulled  them  closer  together,  and  at  the  same  time  broke  the  circuit 
and  cut  off  the  current.  It  was  done  so  smartly  that  there  was  only 
just  time  to  sec  the  copper  fused,  and  almost  instantly  a  little  drop 
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of  melted  coi3j)er  remained  suspended  from  the  point  of  union.     Tliis 
he  thouglit  was  an  advance  that  was  rather  novel  in  welding. 

Mr.  James  Platt,  Member  of  Council,  wished  to  corroborate  the 
author's  experience.  At  the  Gloucester  E  ail  way  Carriage  and 
Wagon  "Works  the  Thomson-Houston  electric  welder  had  been  used, 
and  it  answered  the  purpose  very  much  in  the  way  described  in  the 
paper.  The  pieces  to  be  welded  did  not  require  any  preparation  of 
their  ends.  Just  as  they  came  from  the  shears  or  the  saw  they  were 
put  into  the  welding  machine  and  welded  together.  With  regard  to 
the  cost,  it  was  not  commercially  a  paying  process  at  present,  but  it 
would  do  the  work  soundly  and  satisfactorily.  ^Vith  reference  to 
arc  welding,  apparatus  of  that  kind  had  also  been  put  up,  but  it  did 
not  answer  the  purpose  for  which  it  was  intended,  though  for  some 
purposes  it  did  exceedingly  well.  Some  of  the  larger  steel  works 
used  it  for  other  purposes  besides  "  faking  up  "  steel  castings ;  they 
used  it  for  heating  and  thereby  softening  hardened  steel-faced  armour 
plates  at  the  particular  places  where  the  holes  for  the  bolts  had  to 
be  drilled ;  the  holes  could  then  be  drilled  with  ease ;  this  was  an 
excellent  practical  application  of  the  plan.  Another  purpose  for 
which  the  arc  welding  machine  proved  highly  useful  was  the  flanging 
of  a  large  number  of  plates,  3-16ths  inch  thick  and  of  considerable 
width,  on  which  a  narrow  flange  was  required  all  round  the  edge. 
Instead  of  being  put  into  the  plate-heating  furnace,  they  were  j)ut  on 
a  block  and  raised  to  the  required  heat  by  the  electric  arc,  and  the 
flanging  was  done  well  and  satisfactorily.  There  were  many  other 
applications  for  electric  welding;  but  up  to  the  present  time  the 
power  required  and  the  wear  and  tear  of  the  apparatus  were  too  great 
for  economical  working. 

Mr.  Charles  Cochrane,  Past-President,  noticed  that  from  a 
perusal  of  Table  1  in  the  paper  an  important  question  arose  as 
to  the  power  required  with  an  increase  in  the  area  of  the  section 
to  be  welded.  It  appeared  that  with  a  1-inch  bar  only  23  electrical 
horse-power  was  required  (page  329).  Eeckoning  according  to  the 
sectional  area,  a  2-inch  bar  ought  to  require  four  times  as  much,  or 
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92  liorse-j)ower :  instead  of  wliicli  it  was  seen  that  only  59  Lorse- 
jjower  was  required  (page  328).  In  tlie  American  practice  of  rail 
welding,  mentioned  by  Mr.  Wortliington  (page  337),  tlie  area  of 
9  square  inches  would  be  equal  to  a  bar  of  33  incbes  diameter ;  and  if 
tbe  amount  could  be  stated  of  the  horse-power  needed,  it  would  help 
to  a  clearer  understanding  of  the  encouragement  to  be  derived  from 
increase  in  the  sectional  area  to  be  dealt  with,  and  the  proportionately 
less  power  that  would  be  required  to  accomplish  the  welding. 

Mr.  Ealph  H.  Tweddell  considered  mechanical  engineers  were 
greatly  indebted  to  the  author  for  the  account  he  had  given  of  tho 
results  of  his  apparently  somewhat  expensive  experiment  in  electric 
welding,  in  regard  to  which  it  would  be  interesting  to  have  some 
further  information  upon  one  or  two  points.  As  to  the  power  applied 
by  the  handwheel  for  bringing  the  two  ends  of  the  bars  together, 
apart  from  the  horse-power  required  to  produce  fusion,  the  machine 
shown  in  Plate  81  seemed  to  have  little  more  jiower  than  a  letter- 
copying  press.  Where  the  two  surfaces  had  been  brought  together 
by  this  handwheel,  there  appeared  again  to  be  a  great  divergence  of 
opinion  as  to  the  horse-power  actually  required  for  producing  fusion. 
In  a  paper  read  some  time  ago  by  Mr.  Frederick  P.  Eoyce  at  Chicago, 
before  the  Buffalo  Convention  of  the  Carriage  Builders'  National 
Association,  the  horse-powers  differed  considerably  from  those  given  in 
the  present  paper.  For  2-inch  round  bar-iron  Mr.  Eoyce  gave  75  horse- 
power through  95  seconds.  For  the  same  size  Mr.  Dobson  in  Table  1 
gave  88  indicated  horse-power  through  255  seconds :  or  three  to  one, 
taking  the  product  of  the  power  multiplied  by  the  time.  For  1-inch 
bars  Mr.  Eoyce  gave  25  horse-power  for  45  seconds ;  and  for  15-lGths 
inch  bars  Mr.  Dobson  gave  42  horse-power  for  57  seconds,  or  two  to 
one.  It  might  possibly  be  however — though  he  had  not  had  an 
opportunity  of  ascertaining  whether  it  was  so — that  Mr.  Eoyce's 
figures  meant  electrical  horse-power  at  the  welding  machine  :  in 
which  case  the  comparison  would  be,  for  2-inch  round  bar-iron  about 
two  to  one,  instead  of  three  to  one ;  and  for  1-inch  bars  about  equal 
in  the  two  examples.  There  was  also  a  considerable  difference  in 
regard  to  the  'power  required  to  weld  steel  and  iron.     According  to 
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tlie  present  paper  an  incli  steel  bar  required  49x62  =  3038,  as 
against  42  x  -57  =  2394  for  15-16ths  incli  iron,  being  about  a  quarter 
as  much  again  for  steel ;  or  about  10  per  cent,  more  for  steel  if  the 
sectional  area  were  the  same.  Sir  Frederick  Bramwell  had  given 
50  horse-power  through  68  seconds  for  bars  1^  inch  diameter  of 
Farnley  iron  (Proceedings  Inst.  C.E.,  1890,  vol.  cii,  page  25), 
which  was  again  a  different  amount,  the  product  being  3400, 
equivalent  to  2686  for  1-inch  bars.  These  were  large  amounts  of 
power,  and  it  was  important  to  know  which  was  correct.  Among 
the  specimens  shown  by  the  author  was  a  small  forging  like  an 
eye-bolt  with  a  hole  through  the  middle,  which  he  assumed  must 
have  taken  50  horse-power  to  make  it ;  but  he  was  sure  it  could 
be  done  with  say  a  horse-power  by  hydraulic  pressure  with  the  greatest 
ease.  From  another  specimen  it  seemed  that  after  all  there  was  still 
some  riveting  to  be  done,  notwithstanding  all  the  improvements 
in  welding  joints  by  electricity ;  and  curious  riveting  it  looked, 
according  to  the  representation  given  in  Figs.  17  and  18,  Plate  84, 
about  which  there  was  a  vagueness  in  regard  to  the  j)ressure  applied 
that  occasioned  him  great  perj)lexity.  If  the  i)ressure  to  close  the 
rivet  was  no  greater  than  that  given  by  a  letter- copying  press,  the 
result  he  thought  must  be  a  rather  poor  illustration  of  riveted  work. 
But  why  attempt  to  use  the  electric  welder  at  all  for  heating  rivets  ? 
Many  hundred  1-inch  rivets  could  be  heated  in  a  day  by  a  small 
boy  with  an  oil  furnace  at  the  cost  of  a  few  pence  ;  but  it  seemed 
to  take  25  horse-power  through  45  seconds  to  heat  one  1-inch  bar. 
Some  experiments  in  which  he  was  much  interested  had  been  made 
for  caulking  by  the  Benardos  process,  running  an  electric  arc  along 
the  plate  edge  and  causing  fusion  of  the  metal.  It  had  not  been 
carried  out  yet  to  any  definite  success ;  but  there  seemed  a  considerable 
scope  for  it.  Its  success  seemed  really  more  a  question  of  heating 
than  anything  else ;  it  was  the  best  mode  that  he  knew  of  heating 
uj)  work,  and  doing  so  in  a  convenient  manner.  Between  a  smith's 
forge  and  an  engine  developing  50  horse-power  for  welding  a  1^-inch 
bar  there  was  certainly  an  enormous  difference  in  the  first  cost.  In 
Sir  Frederick  Bramwell's  paper  it  was  mentioned  that  at  that  time, 
when  the  invention  was  first  brought  over  from  America,  forty-four 
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welds  of  1^,-111  ell  round  bars  were  made  by  band  by  two  men  in  tbree 
bours  witb  1^  cwt.  of  coke  ;  wbile  in  tbe  same  lengtb  of  time  eigbty 
welds  were  made  by  tbe  electric  welder  worked  by  an  engine 
developing  50  indicated  borse-jjower,  and  nevertbeless  doing  not 
even  twice  as  mucb  as  was  done  by  tbe  manual  labour  of  two  men. 
Tbe  invention  no  doubt  bad  its  uses,  but  certainly  be  did  not  see  tbat 
it  was  at  all  likely  to  supersede  generally  welding  for  example  by 
tbe  bydraulic  press.  It  bad  been  said  tbat  a  5-incb  bar  could  be 
welded  by  a  macbine  worked  by  band-power  (page  334).  If  a  man 
could  weld  a  5-incb  bar  by  band-j)ower,  wbicb  bowever  seemed 
impossible,  surely  sucb  an  enormous  borse-power  as  bad  been 
mentioned  for  tbe  electric  welder  was  a  great  expenditure  to  attain 
tbe  same  end.  Possibly  tbere  was  a  great  future  for  tbe  invention  ; 
but  it  must  be  used  under  special  conditions,  and  only  for  an 
enormous  amount  of  similar  work,  involving  few  settings  and 
adjustments.  Eventually  it  migbt  lead  vip  to  tbe  total  abolition  of 
riveting,  wbicb  would  be  a  good  tbing  in  many  ways,  and  a  bad 
tbing  in  otbers.  For  putting  togetber  any  difficult  structure  like  a 
sbip,  wby  not  bring  tbis  process  to  bear  in  tbe  same  way  tbat  bad 
been  described  by  Mr.  Head  for  welding  petroleum  casks  ?  namely  by 
fusing  tbe  plates  togetber  along  tbe  side  of  tbe  sbip,  instead  of 
riveting  tbe  joints  as  in  Fig.  18,  Plate  84. 

Mr.  John  A,  F.  Aspinall,  Member  of  Council,  said  tbat  tbe 
identical  welding  macbines  wbicb  tbe  autbor  bad  done  so  well  witb 
bad  been  tried  by  bimself  for  a  time  at  tbe  Horwicb  locomotive  works 
of  tbe  Lancasbire  and  Yorksbire  Eailway.  He  bad  bad  tbem  at 
work  for  tbree  or  four  montbs,  and  bis  experience  bad  been  very  like 
tbat  of  Mr.  Dobson  to  start  witb,  wben  be  expected  to  be  able  to 
do  with  about  30  borse-power  wbat  be  found  actually  required  80. 
After  having  gone  into  tbe  matter  carefully,  and  baving  done  a 
considerable  amount  of  work,  botb  witb  solid  bars  and  witb  tubes,  be 
bad  not  found  tbat  any  work  could  really  be  done  commercially 
witb  it,  and  be  bad  bad  to  give  it  up.  It  bad  been  found  to  be  more 
expensive  tban  doing  work  by  baud.  Wliilc  it  would  bave  suited 
possibly  for   finisbed  work — for  brigbt   work  sucb   as  tbe   autbor 
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had  spoken  of,  where  iron  or  steel  could  be  heated  locally,  doing 
but  little  damage  to  the  work — he  had  himself  so  little  work  of  that 
kind  that  it  was  not  worth  while  to  adopt  it.  Of  locomotive  tubes, 
which  was  the  one  thing  he  had  hoped  the  machine  would  be  well 
adapted  for,  a  large  number  had  been  welded  by  it,  and  he  had  not 
experienced  the  difficulty  spoken  of  by  Mr.  Jenkin  (page  336)  ; 
whether  it  was  that  the  material  of  the  tubes  was  different  he  did 
not  know,  but  all  those  which  had  been  welded  were  tested  afterwards 
by  hydraulic  pressure  in  the  ordinary  way,  and  were  found  to  be  sound. 
One  point  of  great  importance  about  the  machine  did  not  seem  to 
have  been  mentioned,  namely  that  it  was  adapted  only  for  holding 
perfectly  straight  work.  As  shown  in  the  drawings  there  were  two 
clamps,  intended  for  bringing  two  pieces  of  straight  work  together  ; 
but  when  irregularly  shaped  pieces  had  to  be  welded,  the  machine 
would  be  practically  useless.  He  had  indeed  wondered  why  those 
interested  in  the  machine  had  not  taken  greater  trouble  to  develop 
the  methods  of  holding  the  work,  so  as  to  adapt  the  machine  for 
doing  general  work,  instead  of  leaving  it  absolutely  in  its  original 
form.  An  electric  welding  apparatus  brought  to  this  country  from 
America  and  exhibited  in  Birmingham  for  a  short  time  by  Mr. 
Burton  had  struck  him  as  having  admirable  apjiliances  for  holding 
work  of  all  sorts  ;  but  he  had  heard  little  of  it.  With  regard  to  the 
Benardos  plan  of  arc  welding,  he  had  been  told  of  its  being 
successfully  used  for  cutting  a  defective  piece  out  of  a  boiler  and 
then  welding  in  a  fresh  piece  in  its  place  in  the  interval  between 
leaving  off  work  on  Saturday  and  starting  again  on  Monday  morning. 
He  saw  no  reason  why  the  plan  should  not  be  used  for  castings 
which  might  have  some  defect  in  them.  If  a  casting  of  any  kind 
had  a  blow-hole  in  it  which  was  visible,  why  should  it  not  be 
filled  up  with  metal  of  the  same  character,  melted  by  the  Benardos 
process  and  welded  into  the  casting  itself.  Though  he  had  not  yet 
done  anything  in  that  way  himself,  he  had  seen  samj)les  of  that  kind 
of  work,  and  certainly  to  all  apj)earance  the  work  was  quite  as  good 
as  if  no  blow-holes  had  existed. 

Professor  W.  H.  Watkinson,  referring  to  the  statement  in  page  331 
of  the  paper — that  the  payment  of  royalty,  the  cost  of  horse-power, 
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and  the  depreciation  wliicli  on  electrical  apparatus  was  heavy, 
together  brought  the  cost  of  electric  welding  considerably  over  the  net 
cost  of  the  ordinary  smith's  hearth  work — believed  it  was  possible  to 
arrange  aj)j)aratus  which  would  be  much  cheaper,  free  from  royalty, 
and  practically  not  subject  to  depreciation.  The  cost  of  the  machinery 
used  by  the  author  was  about  £700,  including  the  engine.  The  cost 
of  the  welding  apj)aratus  might  be  reduced  to  about  £100,  and  the 
cost  for  horse-power  might  be  reduced  by  70  or  80  per  cent.  What 
was  called  electric  welding  was  really  electro-fusion,  as  had  been 
pointed  out  by  Mr.  Head  (page  339).  It  was  interesting  to  note  that 
the  first  person  to  draw  attention  to  this  subject  had  been  the  late 
Dr.  Joule ;  but  Lord  Kelvin  (then  Professor  Thomson)  had  been 
the  fii'st  to  make  the  experiment.  It  was  in  1856  that  Dr.  Joule  had 
read  a  paper  on  the  "Fusion  of  Metals  by  Voltaic  Electricity" 
(Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester, 
1856,  vol.  14,  page  50  ;  and  Scientific  Papers  of  James  Prescott 
Joule,  i)age  381).  Dr.  Joule  had  also  been  the  first,  as  far  as  he  had 
been  able  to  ascertain,  to  adopt  the  electric  method  of  hardening, 
and  had  employed  it  before  1865.  A  list  was  given  in  page  325 
of  metals  and  ^different  kinds  of  work  that  had  been  welded  by 
the  author ;  and  Dr.  Joule  had  actually  made  experiments  and 
had  succeeded  in  fusing  a  small  bundle  of  steel  wires  into  one, 
uniting  steel  with  brass,  platinum  with  iron,  and  so  on.  "Whence  it 
would  seem  that  it  was  open  to  any  one  to  fuse  or  weld  metals 
together  by  electricity,  so  long  as  reliance  was  placed  simply  on  the 
weight  of  the  pieces  themselves  for  pressing  them  together.  If 
.therefore  the  bars  to  be  welded  together  were  placed  upright,  one 
resting  on  the  other,  the  weight  of  the  uj^per  bar  might  be  arranged 
to  give  sufiicient  jH-essure  for  welding,  without  having  recourse  to 
the  assistance  of  the  screw  contrivance  shown  in  the  drawings 
for  pressing  the  horizontal  bars  together.  In  welding  by  the 
Elihu  Thomson  or  incandescent  method,  what  was  required  was  a 
large  current  of  10,000  to  40,000  amiieres  at  a  low  pressure  of  only 
1  or  2  volts,  the  quantity  depending  on  the  metals  to  be  welded  and 
their  sectional  area.  In  the  arrangement  used  by  the  author  this 
large  current  was  obtained  by  the  use  of  a  transformer.     A  small 
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current  of  30  to  130  amperes  was  generated  in  an  alternator  at  a 
higli  pressure  of  about  300  volts,  and  was  then  transformed  into  tlie 
large  current  at  tlie  low  pressure  by  a  transformer ;  and  the  quantity 
of  the  current  supplied  to  the  welding  machine  was  regulated  by  the 
reactive  coil.  Altogether  therefore  the  apparatus  employed  was  too 
complicated  for  most  workmen,  and  seemed  easily  capable  of  getting 
out  of  order,  besides  being  expensive.  If  instead  of  that  method 
being  adopted  a  dynamo  were  used  to  give  a  large  current  direct, 
and  if  the  welding  table  were  put  upon  the  dynamo,  all  the 
difficulties  of  conducting  so  large  a  current  to  where  it  was  wanted 
would  be  got  over,  so  long  as  only  one  or  two  welding  tables  were 
required.  Most  works  would  not  require  more  than  one  or  two ;  and 
for  the  few  exceptional  cases  where  more  welders  were  wanted  the 
arrangement  described  in  the  paper  was  probably  the  best,  because 
a  large  number  of  welders  could  here  be  worked  from  the  same 
alternator,  and  wires  be  laid  down  to  the  different  places  where  the 
welders  were  required.  The  arrangement  which  he  suggested  would 
consist  simply  of  a  dynamo  to  give  a  large  current  at  a  low  pressui'e, 
belt-driven  from  the  shop  shafting,  like  any  other  machine-tool,  and 
having  a  fly-wheel  on  the  armature  shaft.  By  using  a  fly-wheel 
having  a  rolled  steel  rim,  it  would  be  quite  safe  to  run  it  with  a  rim 
velocity  of  300  feet  per  second.  With  a  fly-wheel  6  feet  diameter 
this  would  correspond  mth  1 ,000  revolutions  per  minute  ;  and  if  the 
rim  weighed  5^  tons,  an  amount  of  energy  equal  to  100  horse-power- 
minutes  could  be  stored  and  re-stored  with  a  fluctuation  of  speed  of 
only  10  per  cent. ;  by  doubling  the  weight  of  the  rim  the  fluctuation 
of  speed  would  be  only  slightly  over  5  per  cent.  The  cost  of  thQ 
energy  would  be  reduced  by  70  or  80  j)er  cent.,  because  it  would  be 
obtained  from  the  main  engines  working  under  fairly  economical 
conditions,  instead  of  from  a  separate  non-condensing  engine  working 
intermittently  and  therefore  inefiiciently.  One  of  the  simplest 
dynamos,  which  he  thought  would  commend  itself  to  engineers,  was 
an  iron-clad  dynamo  by  Professor  Forbes,  which  might  without 
damage  be  turned  upside  down,  and  could  be  safely  put  into  the 
hands  of  any  workman  who  could  use  an  anvil.  The  armature 
consisted  of  a  soft  iron  cylinder,  and  was  enclosed  in  an  iron  casing. 
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By  varying  the  current  in  tlie  field-magnets  tlie  welding  could  be 
started  with  the  low  current  necessary,  and  the  strength  of  the  current 
could  be  gradually  increased  up  to  the  maximum  for  the  finish. 

Dr.  John  Hopkinson,  Member  of  Council,  thought  it  might 
perhaps  be  useful  to  point  out,  with  regard  to  the  increase  of  electrical 
resistance  in  iron  and  other  metals  with  increase  of  temperature, 
that  the  behaviour  of  iron  in  this  respect  was  a  little  peculiar.  In 
most  metals  the  electrical  resistance  increased  with  considerable 
uniformity  as  the  temperature  rose ;  but  it  was  not  so  with  iron, 
where  the  curve  of  increase  of  resistance  with  temperature  was 
somewhat  of  the  form  sketched  in  Fig.  19,  Plate  84.  At  first  the 
electrical  resistance  in  iron  began  to  increase  with  the  temperature 
much  at  the  same  rate  as  in  copj)er  or  other  pure  metals  ;  but  as  the 
temperature  rose  the  rate  of  increase  in  the  resistance  increased,  and 
went  on  increasing  until  a  temperature  was  reached  of  750°  to  900° 
centigrade  or  1,400^  to  1,650°  Fahr.  Then  the  rate  of  increase 
suddenly  changed  ;  it  diminished  considerably,  and  the  curve  went 
on  more  nearly  in  a  straight  line.  The  temperature  at  the  point  of 
sudden  change  was  the  same  as  that  at  which  the  iron  ceased  to  be 
magnetic  ;  and  it  might  be  said  broadly  that  it  was  the  temperature 
at  which  the  phenomenon  of  recalescence  occurred. 

The  increased  resistance  of  conductors  with  an  alternating 
current  was  of  course  a  matter  that  was  now  pretty  familiar  to 
electricians ;  but  it  might  not  be  quite  so  familiar  to  mechanical 
engineers  who  were  working  out  the  practical  api^lications  of 
•electricity  to  their  own  oj)erations.  The  fact  was  that,  with  a  large 
alternating  current  and  a  large  conductor,  the  current  was  not 
uniform  throughout  the  section  of  the  conductor,  but  was  in  a  large 
measure  confined  to  the  outer  j^ortions  of  the  conductor,  owing  to 
certain  magnetic  principles  into  which  he  need  not  enter.  The 
consequence  was  that,  if  the  frequency  of  alternation  was  at  all  high, 
it  could  not  be  assumed  that  with  a  large  conductor  anything  like  a 
proportionate  reduction  of  resistance  would  be  gained.  The  actual 
result  almost  approximated  to  the  old-fashioned  notion  of  conductors 
conducting  along  their  surface  and  not  through  their  substance :  a 
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notion  tliat  was  entirely  erroneous  with  regard  to  continuous  currents, 
but  liad  a  considerable  element  of  truth  if  the  currents  were  temporary 
or  alternating. 

The  method  of  welding  described  in  the  paper  had  been  spoken 
of  as  a  luxury  (page  334).  It  should  be  borne  in  mind  however  that 
in  engineering  progress  the  luxuries  of  today  became  the  necessities 
of  tomorrow. 

Mr.  Thomas  Parker  said  it  appeared  to  him  that  what  the 
electric  welder  wanted  was  a  father ;  it  had  been  introduced  into 
this  country  in  a  manner  which  had  not  tended  to  its  general 
adoption.  If  its  employment  were  required  by  mechanical  engineers, 
electricians  could  greatly  help  forwards  its  practical  utility.  Ui)  to 
the  present  time  he  agreed  that  the  process  was  too  cumbrous.  As 
to  the  suggestion  of  reducing  the  horse-power  by  storing  it  in  a  fly- 
wheel heavy  enough  to  allow  only  10  per  cent,  fluctuation  in  speed 
(page  348),  he  considered  a  fluctuation  of  as  much  as  20  or  25  per 
cent,  could  easily  be  conceded,  whereby  the  weight  and  cost  of  the 
apparatus  might  be  much  reduced.  In  the  use  of  a  large  dynamo 
however  he  did  not  agree.  A  transformer  with  alternating  currents 
he  thought  was  the  best,  rather  than  a  large  current  produced  direct 
by  a  dynamo ;  it  would  be  more  handy,  and  would  enable  the 
mechanical  power  to  be  used  to  better  advantage. 

The  condition  of  the  welds,  as  to  whether  they  were  made  by 
welding  or  by  fusing  (page  339),  would  depend  largely  upon  the 
operator,  and  upon  the  time  in  which  the  weld  was  made,  and  upon 
the  shape  of  the  ends  that  were  brought  together,  and  upon  the  power 
available.  No  doubt  a  higher  temperature  might  be  made  use  of  in 
the  electric  welder  than  in  ordinary  welding.  The  means  employed 
for  pressing  the  ends  together  would  play  a  part  in  determining 
whether  the  welding  was  done  while  the  metal  was  simply  in  a 
plastic  state,  or  whether  the  temperature  was  raised  sufficiently  to 
melt  the  metal  over  the  whole  or  any  part  of  the  junction.  The 
chemistry  of  the  process  seemed  to  him  not  to  have  been  sufficiently 
considered.  If  there  were  oxide  or  other  elements  on  the  ends  of 
the   pieces  at  the  time  they  were   brought  together,   there   would 
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result  a  cliemical  condition  whicli  would  seriously  affect  tlie  character 
of  the  weld.  The  length  of  time  occujiied  in  making  the  weld 
would  also  have  an  important  effect  upon  its  character,  by 
determining  whether  the  metal  would  assume  a  crystalline  or  a 
fibrous  condition.  Electric  welding  was  a  highly  important  process, 
and  electricians  were  looking  forwards  to  seeing  it  generally 
adopted,  for  they  believed  that  engineers  could  not  do  with  a 
fire  what  could  be  done  by  the  use  of  electricity  ai^plied  to  welding 
in  the  manner  described  in  the  paper ;  and  he  was  sorry  to  hear  the 
confessions  of  temporary  dissatisfaction  at  Crewe  and  at  Horwich. 
At  the  Smoke  Abatement  Exhibition  in  1881  it  would  be  remembered 
that  Sir  William  Siemens  had  shown  practically  what  could  be  done 
by  electricity  in  the  fusing  and  welding  of  steel  and  platinum,  almost 
in  the  same  manner  as  had  been  described  in  the  present  jjaper. 
Being  himself  anxious  to  see  the  process  developed,  he  should  be 
glad  to  render  whatever  assistance  he  could  with  that  view,  for  he 
was  sure  that  mechanical  engineers  generally  had  not  yet  grasped 
the  great  advantage  which  the  method  might  be  to  them. 

Mr.  Chaiiles  Hopkinson  asked  whether  in  welding  hard  steel  it 
had  been  found  that  the  temper  was  affected  by  the  local  heating. 
Also  whether  any  experiments  had  been  made  as  to  the  resistance  of 
the  gap  of  continuity  between  the  two  j)ieces  of  metal :  whether  there 
was  any  definite  jjoint  below  which  the  resistance  of  the  gaj)  ought 
not  to  fall,  in  order  to  obtain  the  proper  welding  effect. 

Mr.  DoBsoN  was  gratified  to  notice  the  interest  that  had  been 
taken  in  the  paper  so  far  as  it  went,  and  also  to  find  there  seemed  to 
be  a  general  belief  that  it  was  quite  possible  to  further  the  jn-ocess  of 
electric  welding,  so  as  to  make  it  more  practical  and  economical. 
Perhaps  the  result  of  the  present  discussion  might  be  to  call 
attention  to  the  subject  as  one  eminently  within  the  grasp  of 
electrical  and  mechanical  engineers  ;  and  jjossibly  the  manufacturing- 
trades  of  the  country  might  benefit  to  some  degree  thereby. 

The  fact  that  at  his  own  works  bars  only  of  2;^  inches  diameter 
had  been  Avoided  (page  333)  was  due  simply  to  the  size  and  j^ower  of 
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the  particular  macliine  tliere  employed,  and  had  nothing  to  do  with 
the  principle  involved.  It  was  possible  to  make  a  machine  that 
should  be  capable  of  welding  a  12-inch  shaft  as  easily  as  the  present 
machine  welded  a  2-inch  shaft.  As  to  introducing  couplings  in  the 
design  of  new  shafting,  so  as  to  avoid  having  to  make  long  lengths 
by  welding,  he  fancied  that  most  of  the  line  shafts  in  engineering 
workshoj)s  had  couplings  on  them  somewhere  ;  and  in  making  their 
designs  engineers  commonly  took  great  care  not  to  introduce  lengths 
that  would  be  at  all  unmanageable. 

In  explanation  of  the  reason  why  the  trials  at  Crewe  had 
unfortunately  not  resulted  in  the  success  that  had  now  been  realized 
at  his  own  works  (page  336),  he  could  only  suggest  that  at  that 
time  the  machine  had  only  just  come  from  America  and  had  not  got 
acclimatized  ;  or  possibly  a  mistake  might  have  been  made  there, 
which  had  at  first  been  made  at  his  own  works,  in  believing  that 
mere  fusion  of  the  metal  was  suflGcient  for  welding,  as  opposed  to 
the  mechanical  work  put  into  it  in  ordinary  welding.  The  idea 
originally  presented  to  himself  in  connection  with  the  electric  welder 
had  been  that  a  mere  contact  and  the  pressing  of  the  two  lengths 
of  metal  together  were  sufficient  to  form  a  weld.  It  had  been 
found  however  that,  although  they  would  stick  together  for  a  certain 
time,  the  junction  would  not  stand  any  strain ;  and  that  with  a 
metal  like  iron,  unless  there  was  a  certain  amount  of  swaging,  the 
weld  was  more  likely  to  be  imperfect  than  to  be  perfect.  With 
other  metals  it  was  not  so  ;  they  would  not  stand  swaging.  But  for 
iron  and  for  some  of  the  lower  qualities  of  steel,  swaging  was  an 
absolute  necessity.  This  was  the  only  reason  he  could  suggest 
why  the  experiments  at  Crewe  had  not  proved  satisfactory.  The 
fact  that  the  action  of  the  electric  welder  produced  a  perceptible 
pulsation  in  the  working  of  the  rest  of  the  machinery  in  the  same 
shop  proved  only  that  there  was  not  sufficient  power  to  work  the 
welder.  Under  the  same  circumstances  at  first  he  had  also 
experienced  the  same  result,  and  the  welds  had  occasionally  been 
imperfect ;  but  since  there  had  been  a  sufficiency  of  power  he  could 
state  positively  that  in  regard  to  quality  of  work  there  was  no 
exception  to  be  taken  to  it. 
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The  special  adaptation  of  the  principle  of  heating  by  electricity 
for  the  i^urpose  of  welding  together  steel  crossings  for  electric 
railways  and  tramways  (page  337)  served  to  illustrate  one  of  the 
very  points  which  he  had  wished  to  bring  out  in  preparing  the 
paj)er,  namely  that  in  regard  to  adaptability  there  was  absolutely  no 
limit  to  the  range  of  electric  heating.  The  illustration  furnished  by 
Mr.  Worthington  was  one  of  the  most  difficult  oj)erations  with  regard 
to  heating  and  welding,  and  he  had  testified  to  its  being  successfully 
and  practically  carried  out. 

In  regard  to  the  question  of  welding  or  fusing,  to  which  attention 
had  been  called  by  Mr.  Head  (page  339),  he  had  endeavoured  to 
show  in  the  paper  that  so  far  as  the  heating  alone  was  concerned  it 
was  a  process  of  fusion,  but  that  for  the  work  itself  it  ought  still  to  be 
welding.  Whether  the  heat  was  developed  by  electricity  or  by  any 
other  means,  it  was  evident  that  a  certain  amount  of  fusion  must  be 
effected  in  the  material  before  it  could  be  welded.  The  mistakes 
that  had  originally  been  made  in  electric  welding  had  arisen  from 
the  erroneous  idea  that  iron  could  be  welded  by  simjile  pressure. 
This  he  altogether  denied.  The  fibre  of  the  iron  would  not  arrange 
itself  properly  at  the  weld  unless  there  was  some  swaging.  The 
process  of  arc  welding  as  applied  to  thin  steel  casks  for  petroleum, 
which  Mr.  Head  had  mentioned  -uitnessing  (page  341),  he  had  not  yet 
had  the  pleasure  of  seeing  himself ;  but  others  who  had  seen  it  had 
spoken  of  it  as  a  most  beautiful  operation  ;  he  had  been  told  the 
fusion  was  so  immediate  that  it  simply  appeared  as  if  the  joints 
were  being  painted  together. 

The  welding  of  hoops  and  rings,  Plate  80,  about  which 
Mr.  Clarkson  had  enquired  (page  341),  had  seemed  to  himself  also 
a  difiicult  thing  to  understand.  When  there  was  a  continuous 
conductor  from  one  pole  to  the  other  through  the  unbroken  portion 
of  the  ring,  why  should  the  electricity  take  the  trouble  to  go  the 
shortest  and  most  difiicult  way  where  the  gap  oftered  the  greatest 
resistance '?  It  had  been  found  by  Mr.  Cockerill,  who  had  examined 
into  it,  that  this  was  simply  owing  to  the  fact  that  there  was 
a  self-induction  through  the  alternating  current  in  the  unbroken 
portion    of    the    ring    which    connected    tlie    poles;   and    that    the 
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greater  length  of  this  portion  allowed  it  to  keep  cool,  while 
the  shorter  portion  in  which  the  break  occurred  became  hot.  If  a 
ring  of  much  smaller  diameter,  say  6  inches,  were  placed  in  the 
clamps,  the  heat  would  spread  also  through  the  unbroken  portion, 
and  would  gradually  come  to  the  middle  point  ojiposite  to  the  gap, 
by  the  time  the  fusion  was  completed  at  the  gap. 

With  regard  to  the  horse-power  required  for  welding  different 
sizes  of  work,  to  which  Mr.  Cochrane  had  alluded  (page  342),  it  was 
a  fact  that  in  all  sizes  there  was  a  considerable  amount  of  loss  from 
the  resistance  in  the  lead,  and  from  the  friction  and  the  leakage,  and 
from  other  causes  of  loss  which  it  was  customary  to  meet  with  in  the 
practical  employment  of  mechanical  power.  It  must  also  be  evident 
that  the  loss  would  be  proportionately  greater  in  smaller  sizes  of 
work  than  it  would  be  in  larger ;  and  therefore  if  it  were  required 
at  any  time  to  construct  a  welding  apj)aratus  for  larger  sizes,  the 
probability  was  it  would  be  found  that,  the  larger  the  surface  to  be 
welded,  the  less  would  be  the  horse-power  required  per  square  inch 
of  surface.  When  it  came  to  piecing  such  large  diameters  as  had 
been  spoken  of,  he  was  convinced  it  would  be  found  that,  as  a 
means  of  producing  the  required  heat,  electricity  was  much  more 
controllable  and  much  more  easily  directed  than  any  other  method 
of  heating :  besides  having  the  advantage  that  it  localized  the 
heat  to  such  an  extent  that  the  other  portions  of  the  work  were 
not  affected,  and  could  be  easily  handled,  remaining  practically 
cool. 

The  riveting  done  by  the  electric  welder  had  been  humorously 
commented  upon  by  Mr.  Tweddell  (page  344),  as  though  this  method 
were  going  to  come  into  competition  with  hydraulic  riveting 
machines.  It  seemed  hardly  necessary  to  assure  him  however  that 
the  electric  riveting,  of  which  a  specimen  was  shown,  was  not 
intended  to  compete  with  hydraulic  riveting  ;  but  was  simjjly  to  show 
that  this  also  was  a  species  of  work  which  could  be  done  by  the 
electric  welder,  without  raising  the  question  whether  it  could  be  so 
done  advantageously  or  not.  If  he  had  himself  any  riveting  to  do, 
he  should  certainly  stick  to  the  hydraulic  riveting  machine,  for  the 
present  at  any  rate. 
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The  liancl-wlieel  for  pressing  together  the  two  ends  to  be  welded 
was  on  the  head  of  a  screw  actuating  the  sliding  clamp,  Plates  79 
and  80,  much  like  the  arrangement  in  a  letter-copying  press  (page 
343),  The  pressure  found  necessary  for  welding  bars  of  2;^  inches 
diameter  did  not  require  any  strain  on  the  man's  arms  for  bringing 
the  ends  together  sufficiently  to  stick  them  together ;  it  would  be 
equivalent  he  thought  to  about  the  j)ressure  put  upon  a  coj)ying 
press. 

Although  Mr.  Aspinall,  who  had  given  this  subject  a  great  deal  of 
attention,  and  had  had  these  identical  machines  under  his  control  at 
Horwich  (page  345)  before  they  came  to  Bolton,  had  been  less 
fortunate  in  his  experience,  it  would  be  clearly  gathered  from  what 
he  had  said  that  his  objection  to  electric  welding  was  on  the  score  of 
cost,  and  not  on  the  score  of  practicability.  The  question  of  cost  he 
admitted  was  at  present  an  obstacle  to  the  general  adoption  of  the 
process.  At  his  own  works  it  had  not  proved  an  obstacle,  because 
for  the  reasons  mentioned  in  the  paper  he  considered  he  had  been 
amply  recompensed  for  the  exj)ense  incurred  ;  indeed  the  satisfaction 
of  knowing  that  the  work  was  absolutely  sound  must  itself  count  for 
something,  even  if  it  cost  a  little  more. 

For  the  purpose  of  welding  he  had  heard  of  other  attempts  lately 
to  heat  by  electricity ;  and  he  had  tried  hard  to  see  a  process  of 
which  glowing  accounts  had  ajjpeared  recently,  namely  heating  under 
water,  or  rather  using  water  as  one  of  the  mediums  for  causing  the 
resistance  necessary  to  induce  heating.  The  bar  to  be  heated  was 
one  electrode,  and  the  water  contained  in  a  sort  of  bath  having 
a  metallic  lining  served  as  the  other  electrode.  The  idea  was  that,  on 
passing  the  current  through,  the  resistance  of  the  water  would  produce 
around  the  bar  a  sort  of  vacuum,  which  formed  the  best  resistance 
possible  because  there  was  nothing  to  conduct  the  heat  away  ;  and 
therefore  the  iron  plunged  in  the  water  would  become  heated.  As  a 
matter  of  fact  it  did  so.  It  was  also  suggested  that  there  was  a 
chemical  action  in  the  decomposition  of  the  M^ater,  which  supplied 
oxygen  to  increase  the  heat ;  this  might  or  might  not  be  the  case. 
In  spite  of  every  endeavour  he  had  been  unable  to  get  to  see  it ;  and 
he  had  afterwards  learned  that  the  'reason  why  it  had  not  been  shown 
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(Mr.  Dobsou.) 

to  him  was  that  it  was  not  considered  satisfactory  on  account  of  the 
enormous  amount  of  horse-power  that  it  took.  If  it  took  more 
than  the  present  machine  at  his  own  works,  it  was  evident  that  in 
this  simple  apparatus,  which  constituted  one  of  the  most  simple 
applications  of  electricity,  the  question  of  horse-power  had  still  to  be 
considered.     [See  page  358.] 

In  welding  tempered  steel  (page  351)  the  effect  of  the  welding 
was  that  the  temper  was  destroyed.  At  his  own  works  it  was  the 
constant  practice  when  the  tools  had  been  worn  down — such  as  the 
planing-machine  tools  and  other  expensive  tools — to  weld  them 
together  one  after  another  in  the  electric  welder ;  and  as  the  bars  so 
made  were  allowed  to  cool  gradually,  the  temper  of  course  went. 
But  he  was  glad  to  say  that  the  operation  of  welding  did  not  put  the 
slightest  difficulty  in  the  way  of  re-tempering  the  steel  ;  the 
tempering  was  done  as  easily  and  as  certainly  all  through  the 
built-up  bar  as  it  had  been  done  originally  in  the  several  pieces. 

As  regarded  a  minimum  resistance  in  the  break  of  continuity  at 
the  gap  in  the  welder  (page  351),  and  the  opinion  that  it  was 
necessary  for  the  ends  of  the  bars  to  be  filed  up  so  as  to  be 
clean  and  to  come  pretty  close  together,  the  latter  was  entirely 
contrary  to  his  own  practice.  Whether  the  bars  were  sawn  or  sheared, 
he  had  found  the  result  of  the  first  contact  to  be  that  all  the  small 
points  first  touching  were  immediately  obliterated  by  fusion.  As  the 
surfaces  came  closer  and  closer  together,  the  area  of  resistance  began 
to  increase,  and  the  metal  was  fused  over  a  greater  and  greater 
extent,  until  it  ended  by  the  bar  having  an  equal  temperature 
throughout  the  entire  area  of  its  cross  section.  There  was  no 
minimum  point  where  the  resistance  was  least,  excejit  in  the  sense 
that  the  heating  was  commenced  with  the  current  weaker  than  was 
required  to  finish  the  piecing  ;  the  current  was  turned  on  gradually, 
and  therefore  the  resistance  was  naturally  less  at  first. 

After  having  taken  a  certain  amount  of  trouble  in  working  out 
this  process  of  electric  welding  to  a  successful  issue,  it  was  highly 
satisfactory  to  him  to  know  that,  whatever  might  be  the  results 
elsewhere,  his  labours  had  not  been  entirely  lost. 
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The  President  said  that  in  the  winter  of  1889-90  he  had  had 
the  pleasure  of  si)ending  some  weeks  in  the  United  States,  and 
of  examining  the  process  which  had  now  been  carried  out  so 
successfully  by  Mr.  Dobson.  He  had  been  greatly  j)leased  with  the 
process,  and  with  the  apparatus  which  had  been  devised  in  America 
for  carrying  it  out.  Having  given  a  number  of  notes  of  his  experience 
in  the  matter  to  the  Institution  of  Civil  Engineers  (Proceedings 
1890,  vol.  cii,  page  52)  in  the  discussion  upon  Sir  Frederick 
Bramwell's  paper,  he  need  not  repeat  them  here. 

The  members  he  was  sure  would  wish  to  pass  a  hearty  vote  of 
thanks  to  the  author  for  his  paper.  Without  professing  to  be  an 
electrician,  Mr.  Dobson  was  one  of  those  engineers  who  nevertheless 
had  come  consjjicuously  to  the  front  in  the  way  of  utilizing  electrical 
science  to  the  utmost.  At  the  last  autumn  meeting  in  London  he 
had  given  the  Institution  a  most  interesting  account  of  what  he  had 
succeeded  in  doing  in  the  way  of  inverted-arc  lighting  in  his  own 
workshops  (Proceedings  1893,  page  396) ;  and  in  the  present 
exceedingly  interesting  paper  he  had  now  shown  how  he  had  carried 
out  in  his  own  shops,  and  carried  out  successfully,  an  electrical 
process  involving  so  many  difficulties  that  it  had  puzzled  and 
apparently  even  bafded  several  of  his  predecessors.  This  electric 
welding  process  had  such  great  advantages  in  cleanness,  quickness, 
and  certainty,  that  he  could  not  helj)  believing  it  would  come  into 
much  more  extended  use  than  at  present  in  cases  where  repetition 
work  had  to  be  carried  out.  It  would  be  well  worth  while  he  thought 
for  those  interested  in  the  process  to  work  sjiecially  at  its  ajJijlication 
to  chain  making.  By  its  use  he  was  not  without  ho]je  that  steel 
chains  might  be  obtained  quite  as  trustworthy  as  the  present  iron 
chains,  and  possibly  60  or  70  per  cent,  stronger,  weight  for  weight. 
But  at  present  tliis  matter  seemed  hardly  to  have  been  seriously 
dealt  with. 
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Mr.  DoBSON  wrote  that  since  tlie  meeting  he  had  had  an 
opportunity  of  examining  at  the  Antwerp  Exhibition  the  process  of 
Lagrange  and  Hoho  for  heating  metals  by  electric  force,  to  which 
he  had  referred  in  page  355.  It  would  appear  to  him  that  this 
process,  however  adaptable  it  may  be  in  the  future,  has  not  yet 
assumed  a  practical  form  for  ordinary  workshop  manipulation ;  up  to 
the  present  in  fact  it  simply  rej)laces  the  ordinary  smith's  hearth  by 
a  heating  apparatus,  the  heat  of  which  is  furnished  by  electricity. 
As  he  saw  the  operation  performed,  two  small  bars  were  pieced 
together ;  one  was  first  heated  in  the  chemical  bath,  and  then 
hammered  on  the  anvil  to  form  a  scarf  for  the  weld,  and  then  the 
other  piece  was  similarly  treated ;  then  both  pieces  were  heated 
together  to  a  white  heat,  and  taken  to  the  anvil  and  welded  together 
by  hammer,  after  which  they  were  swaged  in  the  usual  way. 

It  is  a  fact  that,  by  covering  with  non-conducting  material  any 
portion  of  the  metal  plunged  into  the  bath,  the  heat  can  be 
applied  where  desired.  In  the  operation  which  the  author  saw,  an 
india-rubber  tube  was  slipped  over  a  bar,  and  the  bar  became  heated 
on  both  sides  close  up  to  the  india-rubber,  leaving  the  covered 
portion  unaffected.  Whether  this  would  be  practically  useful,  and 
to  what  extent,  is  of  course  a  matter  for  experience ;  but  it  is  easy  to 
imagine  circumstances  under  which  this  peculiarity  would  be  highly 
useful. 

The  author  had  no  means  of  testing  the  horse-power  in  any 
way ;  but  it  would  seem  to  him  that  the  amount  of  horse-power 
would  not  be  so  great  as  has  been  supposed.  The  extraordinary 
rapidity  with  which  the  bar  became  heated  was  also  remarkable. 

One  essential  difference  between  this  method  of  heating  and  the 
heating  on  the  Thomson-Houston  principle  lies  in  the  fact  that  the 
exterior  of  the  bar  plunged  into  the  alkaline  bath  becomes  heated 
immediately,  while  the  centre  of  the  bar  may  remain  cold  until 
affected  by  the  conducted  heat  from  the  exterior  ;  this  condition  of 
course  varies  with  the  nature  of  the  metal,  and  the  size  of  the  piece 
operated  upon.  It  struck  the  author  also,  although  on  these  points 
he  could  get  no  information,  that  in  dealing  with  steel  the  extreme 
difference  of  heat  between  the  exterior  and  interior  would  certainly 
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produce  interior  fractures  on  account  of  tlie  difterence  of  expansion. 
He  thinks  this  must  be  so,  at  any  rate  for  the  finer  classes  of  steel ; 
and  the  difficulty  there  always  is  in  treating  this  material,  even 
when  the  greatest  care  is  exercised,  would  be  considerably  increased 
thereby,  and  would  seem  likely  to  render  impossible  the  employment 
of  this  rapid  heating. 

To  sum  up,  the  author's  impression  is  that,  although  ingenious 
and  possibly  called  upon  to  play  an  important  part  in  engineering 
industry  in  the  future,  at  the  present  time  this  process  has  not 
advanced  beyond  a  highly  interesting  scientific  experiment. 
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DESCEIPTION  OF  TWIN  SCEEW-PEOPELLEES 

WITH  ADJUSTABLE  IMMEESION, 

FITTED  ON  CANAL  BOATS. 


By  Mk.  henry  BARCEOFT,  of  Newry. 


Canal-Boat  Propulsion. — It  is  pretty  generally  known  among  those 
acquainted  with  canal  traffic  that  until  lately  it  has  been  impossible 
satisfactorily  to  navigate  Canal  Boats  on  the  ordinary  canals  of  the 
country  by  direct  Steam  Power ;  and  boat-hauling,  except  under 
favourable  circumstances,  is  still  carried  on  by  means  of  horses.  A 
canal  barge  is  usually  made  as  full  in  every  dimension  as  possible,  the 
limit  being  the  size  of  the  canal  locks  to  be  passed  through :  so  that 
there  is  no  space  at  the  sides  or  stern  for  paddle  or  stern  wheels,  nor 
is  there  a  space  forward  of  the  stern  post  available  for  a  screw. 
Even  if  space  were  reserved  here,  it  would  admit  of  only  a  small 
propeller,  too  small  in  area  to  be  effective  at  slow  speed,  and  liable 
to  get  entangled  in  weeds.  Nor  would  there  be  what  is  termed  a 
"  run  aft,"  to  allow  a  flow  of  water  to  supply  the  place  of  the  water 
driven  astern  by  the  thrust  of  the  screw.  If  a  boat  were  well 
proportioned  for  carryiQg  a  large  and  paying  load,  the  action  of  a 
common  propeller  would  be  in  proportion  prejudiced ;  and,  instead 
of  the  massive  boat  going  forward,  the  power  would  be  wasted  in 
driving  a  small  current  of  water  astern  at  a  more  or  less  considerable 
velocity. 

Conditions  essential. — In  endeavouring  to  solve  this  problem  in 
navigation,  the  writer  regarded  certain  conditions  as  essential  to 
success,  which  may  be  thus  enumerated.  First,  that  any  mechanical 
means  employed  should  be  applicable  to  almost  every  existing  boat, 
if  possible  without  any  structural  alteration.  Second,  that  any 
propeller  when  applied  should  not  interfere  with  the  passage  as  at 
present  through  locks  and  under  existing  bridges.     Third,  that  no 
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cargo  or  crew  space  should  be  sacrificed.  Fourth,  that  the  weight 
of  the  machinery  should  not  seriously  affect  the  carrying  power 
of  the  boat.  Fifth,  that  the  action  of  the  propeller  should  not 
be  prejudicially  affected  by  weeds.  Sixth,  that  no  wash  should  be 
originated,  sufficient  to  affect  injuriously  the  banks  of  a  canal. 

For  the  purpose  of  attaching  any  kind  of  propelling  machinery, 
these  considerations  exclude  every  part  of  a  boat  otherwise  available, 
except  the  space  at  each  side  of  the  rudder  ;  and  the  question  then 
arose  how  best  to  utilize  this  space  by  the  emj^loyment  of  propellers 
of  sufficient  area  to  cause  the  beat  to  go  forward  satisfactorily.  The 
effort  of  every  propeller  expends  itself  in  two  directions,  driving  the 
water  astern  and  the  boat  forward  ;  and  the  definition  of  excellence 
given  by  Eankine  is  to  the  effect  that,  other  things  being  equal,  the 
best  propeller  is  that  which  drives  the  greatest  volume  of  water  astern 
at  the  slowest  speed.     (See  "  The  Engineer,"  2  Nov.  1866,  page  339.) 

After  many  experiments,  extending  over  two  or  three  years,  upon 
a  60-ton  lighter  purchased  for  this  special  purpose,  the  arrangement 
was  evolved  which  is  the  subject  of  this  paper,  and  which  is  found  by 
experience  to  comply  with  all  the  foregoing  stipulations. 

"  Neivry," — The  last  boat  fitted,  the  "  Newry,"  is  shown  in 
Plate  85,  and  also  in  Figs.  3  to  5,  Plates  87  to  89.  Fig.  3  is  a  side 
elevation  of  the  aft  portion  of  the  boat  with  the  propellers.  Fig.  4  a 
plan,  and  Fig.  6  an  end  elevation  at  the  stern.  Figs.  6  to  8,  Plate  90, 
show  details  of  the  propellers.  The  boat  is  62  feet  long  by 
II3  feet  broad,  with  5^  feet  draught  fully  laden,  when,  inclusive  of 
machinery,  she  would  have  about  65  tons  on  board.  Her  machinery, 
weighing  in  all  about  three  tons,  consists  of  one  locomotive  boiler 
having  87  square  feet  of  heating  surface  and  weighing  23  cwts. ; 
one  horizontal  engine  with  two  cylinders,  4^  inches  diameter  by 
8  inches  stroke,  placed  on  the  deck  immediately  forward  of  the  stern 
post.  On  each  side,  coupled  to  the  crank-shaft,  are  skew  wheels  W 
12  inches  diameter,  driving  wheels  of  the  same  diameter  and  of 
double  the  number  of  teeth  on  uj)right  shafts  S,  which  are  set  in 
upright  frames  F  securely  clamped  to  the  foundation  framing,  as 
shown  in  Figs.  6  and  7  ;  and  the  foundation  framing  is  secured  firmly 
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to  the  deck  and  deck  beams  of  the  barge.  At  the  lower  i^art  of  the 
upright  frames  are  axles  bolted  or  welded  on  at  right  angles,  as 
shown  in  Fig.  8 ;  and  upon  these  axles  revolve  the  twin  screw- 
propellers,  to  which  motion  is  conveyed  by  means  of  bevel 
wheels,  one  on  the  lower  end  of  the  upright  shaft,  and  the  other 
on  the  j)ropeller  boss.  The  interior  of  the  boss  is  similar  in  design 
to  what  are  called  "patent  axles"  of  road  carriages,  but  suitably 
proportioned  for  the  strains  and  work.  The  thrust  is  taken  by  a 
collar  C,  Fig.  8,  on  each  face  of  which  is  a  leather  ring,  the 
whole  working  constantly  in  oil,  as  is  the  case  vdth  all  carriages. 
By  this  arrangement  a  saving  is  ejQfected  as  compared  with  an  ordinary 
screw  working  through  a  stern  tube,  which  is  necessarily  subject  to 
great  friction.  The  diameter  of  the  axle  is  2;^  inches  and  of  the 
collar  4^  inches,  giving  an  area  of  12  square  inches  to  take  the 
thrust.  The  leather  rings  are  each  about  3-16ths  inch  thick.  The 
skew  wheels  used  in  this  instance  for  gearing  the  engine  crank-shaft 
to  the  upright  shafts  are  really  worm  gearing,  as  shown  in  Figs.  9 
and  10,  Plate  91 ;  the  worm  on  the  horizontal  driving  shaft  has 
16  threads  of  coarse  pitch,  having  an  inclination  of  27^,  while  the 
worm-wheel  on  the  top  of  the  upright  driven  shaft  has  32  teeth 
inclined  at  the  same  angle  to  its  axis  or  at  an  angle  of  63°  to 
its  face ;  hence  the  upright  shafts  and  the  propellers  are  driven  at 
haK  the  speed  of  the  engine. 

Screic  Propellers. — The  twin  propellers,  right  and  left  handed, 
are  4  ft.  10  ins.  diameter,  and  have  each  three  blades,  and  each  blade 
has  an  area  of  4  square  feet ;  thus  the  total  blade-area  is  24  square 
feet.  The  blades  made  of  thin  steel  are  riveted  to  arms,  which  in 
turn  are  screwed  into  or  against  the  boss,  as  shown  in  Fig.  8, 
Plate  90.  The  dimensions  have  been  arrived  at  after  numerous 
experiments,  the  great  aim  being  to  attain,  subject  to  certain 
limitations,  the  utmost  possible  progress  of  the  boat  in  proportion 
to  the  amount  of  coal  consumed.  The  i)itch  of  the  blades  is  equal 
to  1,000  revolutions  per  mile  ;  and  at  full  speed  the  propellers  make 
100  revolutions  per  minute.  It  is  not  asserted  that  the  diameter  or 
area  or  pitch  of  the  screws  is  absolutely  the  best ;  but  from 
exjperiments  with  various  diameters,  areas,  and  pitches,  the  writer  is 
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unable  to  suggest  any  decided  improvement,  so  long  as  the  power  and 
piston-speed  &c.  remain  constant.  Every  change  in  these  last  would 
naturally  involve  a  reconsideration  of  the  proportions  throughout. 

Creiv. — The  crew  consists  only  of  a  man  and  a  boy,  who  have  had 
no  difficulty  in  handling  the  boat  and  machinery  under  all  the 
varying  circumstances  in  which  they  have  from  time  to  time  been 
placed. 

"  Ulster." — The  "  Ulster,"  built  a  year  ago  and  similar  in  many 
respects,  has  now  accomplished  3,000  miles.  Sometimes  in  Lough 
Neagh  she  has  encountered  considerable  seas,  Plate  92.  On  the  Ulster 
Canal  she  has  navigated  up  to  Clones,  Similes  from  Newry,  through 
sections  of  91  so[uare  feet,  or  only  half  as  large  again  as  her  own 
immersed  section  ;  and  in  the  Newry  Canal  she  has  passed  through 
weeds  so  thick  as  to  meet  across  the  water  ;  altogether  the  navigation 
from  Newry  to  Clones  is  as  difficult  as  any  to  be  met  with. 
These  boats  are  very  efficient  as  tugs.  The  "  Ulster "  towed  a 
lighter  laden  with  coal  from  Newry  on  the  coast  to  Benburb  on  the 
Ulster  Canal,  a  distance  of  46  miles.  The  united  cargoes  of  the  tug 
and  the  lighter  amounted  to  107  tons.  In  this  trip  a  length  of 
13^  miles  in  the  Bann  River  and  Lough  Neagh  was  done  in 
4^  hours ;  the  revolutions  of  the  propellers  were  approximately 
14,680  each,  the  revolutions  due  to  the  distance  being  13,000  ;  the 
coal  consumed  was  2^  cwts.  The  leathers  in  the  nave  of  the 
propellers  had  not  been  examined  up  to  the  end  of  May,  although 
the  tug  had  run  2,350  miles  ;  on  examining  them  in  June  the  author 
could  see  no  wear  on  them,  and  the  propellers  are  at  work  again 
without  any  change  having  been  made.  One  cause  which  may  tend 
to  diminish  their  wear  the  writer  is  inclined  to  think  may  be  that 
the  pressure  on  the  teeth  of  the  lower  mitre  wheels  transfers  part  of 
the  thrust  to  the  footstep  of  the  upright  shaft,  thereby  relieving  the 
leather  rings  to  that  extent. 

Immersion  of  Propellers. — The  propellers,  which  have  never  been 
wholly  submerged,  are  readily  raised  and  lowered,  so  as  to  regulate 
the  immersion  and  thus  secure  the  utmost  efficiency.     If  they  are  too 
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low,  tlie  engine  is  held  by  the  increased  resistance  of  the  water,  and 
the  revolutions  are  restricted ;  while  if  they  are  too  high,  the  engine 
runs  away  owing  to  diminished  resistance,  and  a  loss  arises  from 
excess  of  slip.  The  boatmen  soon  get  to  know  the  level  that  gives 
the  best  results,  which  for  a  full  boat  with  5^  feet  draught  is  about 
3  ft.  3  ins.  to  3  ft.  6  ins.  from  the  surface  of  the  water  down  to 
the  bottom  of  the  propeller.  The  two  propellers  are  adjusted 
independently  of  each  other.  A  portable  crane  P,  shown  in  Plates  87 
and  89,  is  dropped  into  a  socket  cast  in  the  bed-plate  at  each  side,  and 
a  long  screw  as  shown  is  hooked  to  a  ring  on  the  propeller  frame  F  ; 
on  slacking  the  clamping  eye-bolts  B,  Figs.  6  and  7,  the  frame  is 
suspended  from  the  crane,  and  is  then  raised  or  lowered  by  the  screw. 
Other  methods  have  been  used,  but  this  plan  has  been  selected  as 
convenient  and  inexpensive,  as  well  as  being  light  and  portable. 

It  is  a  peculiarity  of  these  partially  submerged  propellers  that 
they  have  little  or  no  influence  upon  the  steering  of  the  vessel ;  that 
is  to  say,  if  one  j)ropeller  were  going  ahead  and  the  other  astern, 
they  would  stoj)  the  way  of  the  boat,  and  not  tend  to  turn  her  round. 
For  going  ahead  the  propellers,  being  right  and  left  handed,  turn  in 
all  cases  towards  the  stern  post  in  the  upper  half  of  their  revolution. 
In  i^lace  of  twin  propellers,  a  single  propeller  has  been  used  with  good 
results,  though  working  on  one  side  of  the  stern  instead  of  centrally. 
Two,  three,  and  four  blades  have  been  tried  ;  all  are  effective,  but 
two  cause  an  undesirable  vibration ;  three  are  most  efficient,  while 
with  four  blades  the  vibration  ceases  but  the  efficiency  is  somewhat 
lessened,  owing  probably  to  what  is  called  churning  the  water. 

If  desired  the  whole  propelling  apparatus  can  be  made  portable, 
and  readily  moved  from  one  boat  to  another.  The  only  alteration 
that  is  needed  for  an  existing  boat  is  an  extension  of  the  stern  post, 
so  as  to  set  the  rudder  farther  back  ;  a  space  of  from  15  to  21 
inches  is  needed  between  the  stern  sheeting  and  the  rudder  when 
put  square  across :  and  most  boats  can  pass  the  locks  with  this 
addition. 

Performance. — In  Aj)ril  last  the  Grand  Canal  Co.,  Dublin,  fitted 
their  No.  84  lighter  with  machinery  similar  to  that  above  described. 
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The  first  voyage  was  from  Dublin  to  the  Shannon  and  back,  Plate  92, 
having  another  boat  No,  35  in  tow.  The  distance  there  and  back  is 
158  miles,  with  78  locks.  The  second  trip  was  over  the  same  distance, 
and  the  time  occuijied  about  six  days.  In  this  trip  the  coal  consumed 
in  the  double  journey  was  altogether  three  tons  at  14s.  6cl.  per  ton, 
or  at  the  rate  of  less  than  l^cl.  per  boat  per  mile.  On  the  Grand 
Canal  it  is  usual  to  work  night  and  day  with  relays  of  horses  and 
men,  and  the  time  required  out  and  back  is  five  24-hour  days  ;  the 
regular  charge  for  hauling  of  one  shilling  per  boat  per  Irish  mile 
would  be  equivalent  to  nearly  9^d.  per  English  mile.  So  that, 
without  working  at  night,  the  steam  tug  was  only  one  day  behind 
the  horse  boats  in  a  week,  notwithstanding  that  about  fifteen  hours 
were  lost  by  the  steamer  in  waiting  for  the  locks  to  be  filled  after 
she  had  passed  through  and  for  the  subsequent  passage  through  of 
her  consort. 

Machinery. — The  pro2:>eller  bosses  and  arms  have  from  the  first 
been  manufactured  by  Messrs.  Grice  and  Harrison,  axle-makers,  of 
Birmingham.  The  blades  and  all  the  rest  of  the  machinery  for  the 
"  Nev/ry  "  and  for  No.  34  lighter  were  constructed  by  Messrs.  Eobey 
and  Co.,  of  Lincoln,  who  have  kindly  sujjplied  the  accomjianying 
drawings. 

Driving  hy  Petroleum  Engine. — The  new  propellers  seem 
admirably  adapted  for  almost  any  method  of  driving.  Fig,  11, 
Plate  91,  shows  an  arrangement  by  which  power  is  derived  from  a 
petroleum  engine.  Here  the  engine  is  rei)resented  on  deck,  12  feet 
forward  of  the  rudder ;  it  rises  only  2  ft,  8  ins.  from  the  deck,  thus 
enabling  a  light  boat — that  is,  one  without  cargo — to  pass  under  low 
bridges.  If  however  the  nature  of  the  navigation  should  make  it 
desirable  to  put  the  engine  below,  this  can  readily  be  done. 

"  Hilda." — A  very  suitable  arrangement  has  been  adopted  by  the 
Portadown  Carrying  Co.  for  their  steam  lighter  the  "Hilda," 
Plate  86,  of  80  tons  burden,  which  navigates  Lough  Neagh,  the 
largest   lake   in   the   United   Kingdom,  being  24  and  12  miles  in 
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extreme  length  and  breadth,  Plate  92.  Also  tlie  Lagan  Canal  to 
Belfast,  where  bridges  are  met  with  so  low  that  the  arch  is  but 
2  ft.  4  ins.  above  the  deck  of  a  lighter  when  empty.  No  option 
remained  but  for  the  boiler,  made  by  Messrs.  Victor  Coates  and 
Son,  to  be  put  below.  On  deck,  close  to  the  upright  shafts,  are  the 
engines,  one  for  each  propeller,  which  were  supplied  by  Messrs. 
Vesper  and  Co.,  of  Portsmouth. 

Electricity. — A  desirable  combination  would  be  to  introduce 
electricity  for  conveying  power  from  an  oil  engine,  placed  in  any 
suitable  part  of  the  vessel,  to  the  propellers.  The  engine  could 
drive  a  generating  dynamo,  which  in  turn  could  set  in  motion  a 
motor  wound  on  the  cross  horizontal  shaft  H  in  Fig.  11,  Plate  91. 
By  means  of  resistance  frames,  various  speeds  could  be  obtained  and 
reversing  be  accomplished,  as  on  an  electric  railway. 


Discussion, 

The  President  said  that  since  the  paper  was  prepared  the  author 
had  received  from  the  managing  owner  of  the  Portadown  Carrying 
Co.  the  following  letter  respecting  the  working  of  the  machinery 
supplied  for  their  steam  lighter  the  "  Hilda,"  which  supplemented 
the  brief  mention  already  made  of  that  vessel : — 

Edenderry,  Portadown. 
Dear  Mr.  Barcroft,  18  July  1894. 

I  am  sure  by  this  time  you  will  be  anxious  to  know  how  the 
"  Hilda  "  has  done.  I  may  tell  you  at  once  I  am  thoroughly  satisfied 
with  her.  I  have  made  several  experimental  trips  with  the  view  of 
finding  out  the  best  immersion  for  the  jiropellers,  and  generally  the 
speed  I  should  like  my  man  to  work  her  at.     One  trip  was  to  the 
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foot  of  tlie  Coal  Island  Canal  and  back,  a  distance  of  thirty  miles. 
On  the  return  journey  we  towed  the  "  Hibernia,"  a  ninety-ton  iron 
lighter,  carrying  about  fifty  tons  of  sand ;  also  the  "  Emma,"  a 
seventy-ton  barge,  which  was  empty,  I  have  made  a  number  of  trips 
to  Whitecoat,  exactly  1|  mile  from  here ;  and  I  find  the  speed  when 
empty,  with  the  propellers  running  at  75  revolutions  per  minute  and 
steam  pressure  of  about  70  to  75  lbs.,  to  be  six  miles  per  hour.  The 
nominal  full  speed  would  be  100  revolutions  for  the  propellers,  with 
100  lbs.  boiler  pressure ;  but  I  have  never  jiushed  her  to  this,  and  I 
think  on  the  whole  I  shall  keep  to  the  speed  I  have  mentioned,  as 
the  machinery  will  then  be  working  under  power,  and  there  seems 
every  probability  of  its  wearing  a  long  time.  I  cannot  help  feeling 
almost  surprised  at  the  result  obtained,  considering  that  the  "  Hilda  " 
is  as  bluff  in  her  build  as  any  ordinary  lighter,  as  I  was  anxious  not 
to  diminish  her  carrying  capacity.  Before  putting  her  on  the  Belfast 
line  I  am  about  to  send  her  for  a  load  of  sand,  about  ninety  tons, 
which  is  a  large  cargo  for  a  60-foot  boat.  I  should  add  we  ran  up  to 
Scarva,  eight  miles  from  here,  up  the  narrow  weedy  Newry  Canal ; 
the  time  in  i.-eturning,  including  locking,  was  two  hours  and  nineteen 
minutes.  I  must  also  add  that  the  machinery  causes  no  percej)tible 
vibration,  and  that  any  of  your  friends  will  be  welcome  to  a  full 
inspection  of  the  boat  at  any  time.  You  will  be  amused  to  hear  that 
when  we  started  for  Coal  Island  Canal  none  of  us  knew  how  to  start 
the  engines,  the  fitter  having  left  suddenly.  I  have  two  men  in 
charge,  one  brought  uj)  to  the  barge  work,  and  the  other  a  handy 
man  from  the  weaving  factory.  Both  are  doing  their  work  well,  and 
now  seem  quite  at  home  with  the  machinery. 

Faithfully  yours,  Hamilton  Robb. 

Mr.  J.  Hartley  Wickstbed,  Member  of  Council,  noticed  that 
on  the  "  Hilda,"  Plate  8G,  there  was  an  engine  for  each  screw ; 
which  would  render  it  practicable  to  drive  each  screw  direct  from 
its  own  engine  through  a  bevel  wheel  and  pinion.  If  the  "  Hilda  " 
was  fitted  in  that  way,  he  should  expect  a  greater  efficiency  than 
where  the  power  had  to  bo  transmitted  through  skew  gearing,  as 
shown  in  Figs.  9  and  10,  Plate  91,  lor  the  "Newry." 
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Capt.  Cecil  C.  Loxgridge  failed  to  see  that  adjustable  immersion 
of  the  proj)elleis  would  be  of  any  practical  use.  The  practice  of 
most  builders  of  launches  and  of  other  small  boats  was  to  put  the 
screw  as  low  as  possible.  The  best  immersion  was  always  calculated 
for  the  greatest  load  intended  to  be  carried.  It  aj)peared  to  him 
doubtful  whether  any  practical  builder  would  consider  that  the 
advantage  gained  from  adjustable  immersion  was  worth  the  greater 
complication  of  machinery.  For  5^^  feet  draught  he  observed  that 
the  best  immersion  was  given  as  only  3  feet  3  inches  to  8  feet  6  inches  ; 
this  he  supposed  would  very  likely  be  the  lowest  j)Osition  in  which 
the  screw  could  be  put,  and  when  the  boat  was  lighter  the  screw 
would  raise  itself  more  out  of  the  water.  Driving  by  gearing  he 
thought  was  objectionable  where  the  screw  propellers  were  rimning 
at  high  speeds  of  200  or  300  revolutions  per  minute,  as  was  mostly 
the  practice.  He  saw  no  object  in  running  propellers  at  few 
revolutions,  for  the  injurious  wash  on  the  banks  arose,  he  thought,  not 
from  the  velocity  of  the  screw,  but  from  the  lines  of  the  boat  and  her 
speed ;  a  propeller  churned  the  water,  but  created  little  or  no  wash. 

Mr.  Leslie  S.  Eobixson  asked  why  the  propellers  were  kept 
only  partially  immei  sed.  It  was  generally  recognised  that  directly 
propellers  began  to  suck  air  down  into  the  column  of  water  propelled 
astern,  as  partial  immersion  would  render  them  liable  to  do, 
their  efficiency  dropped  25  per  cent,  or  more.  From  the  data 
given  he  was  inclined  to  think  that  the  propellers  were  too  large 
for  the  work  they  had  to  do  :  especially  from  the  statement  that 
directly  they  were  deeper  immersed,  though  never  wholly  submerged 
as  it  would  generally  be  considered  they  ought  to  be,  the  engine 
was  pulled  up.  If  they  had  ever  been  tried  wholly  submerged, 
though  apparently  they  were  never  so  employed  in  actual  working, 
it  would  be  interesting  to  know  the  results.  He  enquired  also 
why  the  blades  had  been  made  so  broad,  and  whether  the  j)itch 
was  uniform  or  varying.  The  area  of  the  blades  certainly  seemed 
enormous  ;  and  100  revolutions  per  minute  seemed  low  for  their 
full  speed.  For  sea-going  vessels  the  leather  rings  would  of  course 
be  an  impossibility,  although  in  fresh  water  they  seemed  to  work 
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well.  The  "wash  and  waves  he  should  have  imagined  would  be 
likely  to  be  greater  with  propellers  working  partly  out  of  the 
water  than  when  they  were  wholly  under  the  water.  Moreover 
ho  did  not  understand  how  these  larger  propellers  partially 
immersed  could  be  less  likely  to  be  clogged  with  weeds  than 
a  small  propeller  placed  in  the  ordinary  position,  to  which 
reference  was  made  at  the  outset  of  the  paper.  As  to  the  use  of 
electricity,  he  feared  that,  from  the  number  of  transformations 
which  would  have  to  take  place — from  the  oil  engine  to  the  dynamo, 
from  the  dynamo  to  the  motor,  and  from  the  motor  to  the  gearing — 
it  was  doubtful  whether  the  plan  would  work  out  in  a  practical 
manner ;  the  problem  was  one  of  great  difficulty.  The  conditions 
under  which  the  author  was  working  were  certainly  exceptional,  and 
no  doubt  exceiDtional  means  must  be  taken  to  solve  them.  Whether 
the  best  means  had  been  chosen  he  was  rather  doubtful  in  the 
absence  of  adequate  data.  The  power  of  the  engine  had  not  been 
stated,  and  therefore  the  loss  could  not  be  calculated.  The  slip 
aj)parently  amounted  to  only  about  10  per  cent.,  which  was  not  a 
bad  result. 

Mr.  John  A.  F.  Aspinall,  Member  of  Council,  asked  how  it  was 
intended  that  the  thrust  should  be  taken  up.  There  was  an 
overhanging  vertical  frame  at  the  stern,  and  apparently  the  whole 
frame  could  be  made  to  descend  into  the  water,  thereby  lengthening 
what  was  originally  an  overhanging  lever ;  and  there  seemed  to  be 
no  other  provision  for  transmitting  the  thrust  of  the  propellers  to  the 
boat.  Was  there  any  dead  wood  at  the  stern  of  the  vessel  for  tho 
vertical  frame  in  which  the  propeller  was  suspended  to  abut  against  ? 
With  regard  to  the  application  of  electricity  for  working  canal  boats, 
it  appeared  to  him  that  there  was  here  an  opportunity  of  working 
boats  by  means  of  the  trolly  system,  because  along  canals  there 
would  not  be  the  objection  to  the  overhead  wires,  which  were  thought 
to  be  ugly  in  towns. 

Mr.  Thomas  Parker  thought  the  proposal  to  work  canal  boats 
by  electricity  was  not  a  desirable  one  in  the  present  condition  of 

2  M 
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(Mr.  Thomas  Parker.) 

the  canals  tliemseives.  In  conjunction  witli  Mr.  George  E.  Jebb 
he  had  been  engaged  upon  an  investigation  into  the  driving  of 
boats  on  canals  by  electricity ;  and  the  difficulties  encountered  were 
not  connected  with  the  overhead  wires,  but  arose  from  finding  that 
the  boats  could  not  be  got  through  the  locks  with  sufficient  speed 
to  give  any  hope  of  carrying  on  a  traffic  that  would  pay  for  the 
outlay.  Xo  doubt  the  driving  of  boats  by  electricity  would  be  a 
thorough  success,  if  the  locks  were  arranged  to  admit  a  traffic 
sufficient  to  pay  for  the  outlay. 

Mr.  James  Platt,  Member  of  Council,  thought  the  method 
described  in  the  paper  did  not  give  the  best  adaptation  of  steam 
power  to  boats  on  canals  and  rivers,  but  an  ingenious  application 
of  steam  power  to  existing  barges,  or  barges  built  in  the  ordinary 
way ;  to  old  marine  engineers  it  was  rather  alarming  to  look  at 
some  of  the  tackle  shown.  As  to  the  partly  immersed  propellers, 
he  remembered  that  some  forty  years  ago  the  late  David  Xapier, 
the  pioneer  of  passenger  steamboat  traffic  on  the  Clyde  and  on 
the  Thames,  had  retired  to  a  place  near  Worcester,  on  the  banks 
of  the  Severn,  and  built  a  boat  about  110  feet  long  and  17  feet 
beam,  which  had  two  screw  wheels  of  5^  to  6  feet  diameter, 
placed  so  as  to  be  about  half  above  the  water  line,  and  driven 
direct  by  rotary  engines  on  the  shafts.  The  lines  of  the  boat  were 
fine,  and  she  attained  a  tolerable  speed  in  smooth  water ;  but 
was  utterly  useless  for  manoeuvring  and  backing,  and  for  all 
the  rec[uirements  of  a  steamboat.  He  himself  had  to  take  all 
the  machinery  out,  and  to  lengthen  the  boat  sufficiently  for  adding  a 
stem  wheel.  The  employment  of  the  partly  immersed  propeller 
therefore  was  not  new.  Its  application  in  the  present  case  appeared 
to  answer  the  purpose ;  and  no  doubt  it  might  be  modified,  and 
perhaps  made  more  ship-shape  if  applied  to  new  barges  built  for  the 
purpose.  It  was  a  desideratum  in  many  cases  to  apply  machinery 
to  the  present  barges  or  to  barges  built  in  the  ordinary  way.  The 
twin  screw  he  considered  was  the  best  arrangement  for  barge 
propulsion ;  and  some  he  had  built  twenty  years  ago  were  giving 
excellent  results  ^^-ith  a  low  consumption  of  fuel.      The  boats  so 
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fitted  propelled  themselves  at   a   good  speed,  and  were  also   good 
tugboats. 

Dr.  Edward  Hopkinson  thought  that,  although  the  suggestion  to 
employ  a  dynamo  and  motor  in  the  way  described  in  the  paper  might 
involve  entrenching  somewhat  upon  the  cargo  space  of  a  barge,  yet 
it  might  be  useful  for  keej)ing  the  deck  of  the  barge  more  free  from 
machinery,  and  also  for  balancing  the  weight  better.  But  the 
application  of  electrical  working  he  was  inclined  to  think  would  be 
more  advantageously  carried  out  by  the  adoption  of  overhead  wires 
carried  over  the  waterway,  suspended  by  stretched  cross  wires 
attached  to  poles  on  the  banks.  Communication  with  the  barge 
could  be  by  means  of  a  collecting  bar  extending  across  the  full 
width  of  the  barge.  There  should  indeed  be  two  collecting  bars, 
one  fore  and  the  other  aft,  so  that  the  conducting  wire  should  always 
be  lying  upon  one  or  other  of  them ;  as  the  wire  hung  freely  in 
festoons,  the  fore  bar  would  then  come  in  contact  with  the  next  bight 
ahead  before  the  aft  bar  had  broken  contact  with  the  bight  it  was  about 
to  leave  behind.  This  arrangement  largely  got  rid  of  the  difficulties 
attending  the  American  plan  of  a  trolly  running  along  the  suspended 
conducting  wire.  The  contact  of  the  conductor  was  much  more 
easily  accomplished,  as  it  could  slide  freely  along  the  whole  length 
of  the  collecting  bar  across  the  barge.  Such  an  arrangement  he 
thought  would  be  easily  applied  in  connection  with  canal  traffic, 
because  the  curves  were  usually  of  large  radius  ;  and  for  turning 
round  a  sharp  corner,  or  for  manoeuvring  at  locks  and  wharves,  the 
boat-hook  was  always  available.  The  advantages  of  such  a  system  of 
propulsion  would  be  great.  The  motors  being  small  and  light,  and 
no  fuel  having  to  be  carried,  the  carrying  capacity  of  the  barge  would 
not  be  entrenched  uj)on  to  any  appreciable  extent.  The  motors 
would  require  less  attention  than  a  steam  engine  or  oil  engine. 
Again  along  the  course  of  many  canals  there  was  water  power 
available,  which  might  be  used  for  driving  the  generating  dynamos. 
Where  this  was  not  the  case  and  steam  engines  had  to  be  emi)loycd, 
their  efficiency  would  bo  high,  because  canal  boats  usually  travelled 
night  and  day  continuously,  and  therefore  the  load  factor  of  the 
engines  would  be  large.  2  m  2 
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Mr.  Jeremiah  Head,  Past-President,  wished  to  point  out  that  the 
skew  wheels  through  which  the  engine  drove  the  propellers  in  the 
"  Newry "   were   simply   a  form   of   worm  wheels.      It  was   often 
exceedingly  tempting  to  use  these  appliances  where  it  was  wanted 
to  diminish  speed  with  a  minimum  amount  of  gearing,  or  to  change 
the  direction  in  a  simple  way ;  and  they  were  quite  unobjectionable 
when  used  in  hand  gearing  or  for  similar  purposes ;  but  where  used 
for   conveying  the  whole   power   of  an   engine,  they  were  in  his 
opinion  highly  objectionable.      This  would   be   easily  realized  by 
referring  to  the  drawing  of  the  skew  wheels  in  Fig.  9,  Plate  91,  in 
which  the   thickness   of   the  engine  wheel  was  seen   to   be   about 
Sh  inches,  while  the  circumferential  length  of  one  of  the  teeth  was 
about  double  as  much,  or  7  inches.     In  order  for  the  engine  wheel 
therefore  to  move  the  propeller  wheel  through  the  space  of  3  J  inches, 
it  must  itself  move  through  a  space  of  not  less  than  7  inches,  and 
must  do  so  under  the  full  pressure  required  to  turn  the  vertical 
shaft  from  which  the  propeller  was  driven.     At  the  bottom  of  the 
vertical  shaft,  where  there  was  the  bevel  gearing  of  about  the  same 
diameter,  it  was  evident  that  the  pressure  per  square  inch  between 
the  teeth  would  be  about  the  same  as  between  the  teeth  of  the  skew 
wheels ;  but  the  circumferential  distance  through  which  the  teeth  of 
the  bevel  wheels  remained  in  gear  could  not  be  more  than  one  inch, 
while  in  the  skew  wheels  it  amounted  to  7  inches,  under  the  same 
pressure  per  square  inch  during  the  continuance  of  their  contact. 
This  meant  of  course  a  great  loss  of  power,  and  also  more  wear  and 
tear.      Such   an   expedient  he  therefore  thought  was   mechanically 
wrong,  and  ought  to  be  avoided. 

Mr.  Charles  Cochrane,  Past-President,  hailed  with  satisfaction 
the  appearance  of  the  present  paper.  The  late  Mr.  Henry  J. 
Marten  in  the  latter  years  of  his  life  had  been  greatly  interested, 
together  with  himself,  in  seeking  a  solution  of  the  problem  of 
canal-boat  propulsion ;  and  had  stipulated  that,  in  order  to  facilitate 
the  traffic  out  of  the  Midland  Counties  to  the  various  ports  of  outlet 
for  England,  a  compact  engine  should  be  provided  which  could  easily 
be  transferred  from  boat  to  boat,  so  as  to  economise  when  the  boats 
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■were  lying  idle.  This  condition  lie  himself  thought  was  fulfilled  by 
the  petroleum  engine,  which  he  observed  was  referred  to  in  the 
paper  as  being  possibly  applicable  to  canal  boats ;  but  Mr.  Marten 
had  never  been  quite  satisfied  that  the  i^roper  plan  had  yet  been  hit 
upon.  The  j)resent  approach  to  the  practical  solution  of  the  problem 
was  therefore  most  welcome  to  himself,  as  he  considered  it  would 
give  the  commercial  world  a  great  advantage,  in  the  Midland 
Counties  at  any  rate,  enabling  them  to  escajjc  from  present  difficulties 
of  heavy  freights  in  reaching  the  sea-ports.  The  injury  to  the 
banks  of  the  canals,  which  was  suggested  as  liable  to  be  caused  by 
the  wash,  would  be  guarded  against,  when  widening  the  canals  in 
the  future,  by  walling  them  in,  so  that  no  wash  should  interfere  with 
the  banks  as  it  would  do  now  where  they  were  made  of  clay ;  and  of 
course  the  widening  of  the  canals  would  be  necessary  for  the  larger 
barges  which  would  have  to  be  built.  It  was  a  mistake  he  thought 
to  suppose  that  the  boats  described  in  the  paper  were  intended  for 
Mgh  sj)eed.  They  were  purposely  adapted  to  low  speed ;  at  least 
that  seemed  to  him  to  be  what  the  author  had  evidently  intended. 
The  high  speed  customary  in  yachts  and  launches  (page  868)  was 
not  intended  to  apply  to  canal  barges :  what  was  here  wanted  was 
a  slow  motion  to  carry  heavy  weights ;  and  he  thought  the  author 
liad  gone  a  long  way  towards  attaining  this  object. 

Mr.  Benjamin  A.  Dobson,  Member  of  Council,  had  always  taken 
a  great  interest  in  canal  boats,  and  remembered  as  a  lad  the  canals  in 
the  north  of  Ireland  that  were  mentioned  in  the  paper.  It  seemed 
to  him  there  could  be  no  doubt  that  anything  which  tended  to  reduce 
the  cost  of  carriage  and  haulage  on  canals  must  be  of  advantage 
to  the  country  through  which  the  canals  ran.  It  had  evidently  been 
the  author's  endeavour  to  make  the  simplest  arrangement  that  coixld 
be  applied  to  existing  boats ;  and  in  this  aim  he  had  pretty  well 
succeeded. 

Respecting  the  use  of  worm  gearing,  he  was  led  to  take  exception 
altogether  to  the  objection  urged  against  it,  because  in  his  own 
experience  he  had  found  that,  if  worm  gearing  was  kept  properly 
oiled,  it  was  as  good  a  kind  of  gearing  as  could  be  got  to  do  the 
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work.  There  was  no  back-lash.  The  whole  gear  could  he  made 
much  lighter  for  the  same  work ;  and  it  enabled  speed  to  be 
transformed  into  jiower,  which  was  the  object  for  which  it  was 
employed  in  the  present  instance,  where  the  engine  ran  twice  as  fast 
as  the  screw. 

"With  regard  to  the  large  propellers,  it  seemed  to  him  that  the 
slow  surface-speed  at  which  they  ran  was  calculated  admirably  for 
canal  work.  Their  action  was  more  like  that  of  the  blade  of 
an  oar  in  the  water ;  and  although  they  were  not  wholly 
submerged,  there  would  not  be  the  objection  of  their  taking  down 
the  air  into  the  water,  as  was  the  case  with  the  ordinary  small 
quick-running  propeller,  because  their  speed  was  so  slow  that 
the  air  had  a  chance  of  escaping  from  their  downward  action. 
Moreover  the  wash  would  not  be  so  great ;  and  it  was  the  action  of 
the  wash  on  the  sides  of  the  canal  Avhich  he  thought  was  after  all 
the  most  serious  matter.  There  was  quite  enough  of  it  at  present, 
when  the  canal  boat  was  hauled  by  a  horse  at  a  speed  of  less  than 
three  miles  an  hour ;  and  if  it  was  much  increased,  the  expense  of 
maintaining  the  canal  would  be  too  great.  The  suggestion  of  walling 
the  canal  he  feared  would  hardly  meet  with  the  approval  of  the 
shareholders.  In  France  however  he  had  seen  a  method  whereby 
the  wash  was  entirely  avoided  in  the  case  of  canal  boats  propelled  by 
a  screw :  a  circumferential  cylindrical  shield  was  fixed  just  outside 
the  circle  of  the  propeller,  which  seemed  to  have  the  effect  of  driving 
the  stream  of  water  straight  aft ;  instead  of  spreading  immediately  to 
the  banks,  it  was  directed  in  a  backward  course  along  the  centre  line 
of  the  stern,  and  it  seemed  to  have  lost  its  sjieed  before  it  touched  the 
bank.  He  did  not  know  whether  the  same  device  had  been  tried  or 
found  necessary  in  this  country ;  but  it  certainly  seemed  to  act 
successfully  when  he  saw  it  working  on  the  canals  in  France. 

-Mr.  Ealph  H.  Tweddell  was  reminded  by  the  mention  of  the 
use  in  France  of  a  shield  over  the  propeller  (page  374)  that  he  had 
himself  taken  part  about  thii'ty  years  ago  in  a  contrivance  of  that  kind 
at  Sunderland,  not  his  own  invention.  The  propeller  was  a  helical 
screw,  built  up  of  blades  like  those  of  a  fan,  and  revolved  within  a 
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cylindrical  easing.  The  latter  acted  in  the  way  described,  and  had 
the  additional  advantage  that  it  could  be  turned  round  horizontally 
to  either  side,  as  well  as  in  a  direction  right  aft,  so  that  the  boat 
could  thereby  be  steered  right  or  left,  no  rudder  being  required. 
The  trial  trip  had  been  a  perfect  success,  and  he  had  thought 
favourably  of  the  plan  at  the  time ;  but  he  had  never  heard  of  it 
afterwards. 

Mr.  Matthew  Paul,  Juk.,  having  had  a  great  deal  to  do  with  the 
propulsion  of  small  boats,  had  been  struck  by  the  peculiarity  ascribed 
in  page  364  of  the  pape.-  to  these  partially  submerged  propellers,  that 
they  had  little  or  no  influence  upon  the  steering  of  the  vessel ;  so  that, 
if  one  propeller  were  going  ahead  and  the  other  astern,  they  would 
stop  the  way  of  the  boat,  and  not  tend  to  turn  her  round.  This  seemed 
to  him  almost  to  involve  the  inefficiency  of  the  propellers.  If  the 
propellers  were  efficient  he  considered  they  would  certainly  have  an 
influence  on  the  steering  of  the  boat  when  used  in  that  way.  The 
idea  that  a  propeller  could  prove  efficient  when  working  with  the 
tips  of  the  blades  actually  emerging  from  the  water  seemed  to  him  to 
be  in  the  face  of  all  ordinary  experience  in  propulsion.  The  slow 
speed  of  the  boat  could  not  make  any  difference,  so  far  as  he  could 
see,  in  the  principle  of  the  action  of  a  propeller.  It  was  universally 
found  that,  even  when  the  tips  of  the  blades  approached  the  surface 
of  the  water,  the  efficiency  was  largely  reduced,  and  when  they  broke 
the  surface  the  efficiency  fell  off  25  or  30  per  cent.  The  conditions 
under  which  the  boats  described  in  the  paper  were  working  did  not 
ai:)pear  to  him  to  be  such  as  should  alter  that  result. 

Mr.  T.  HuERY  EicHEs,  Member  of  Council,  said  that,  in  boats 
required  for  the  smooth  waters  of  canal  channels,  it  had  always 
appeared  to  him  that  the  great  desideratum  was  to  use  as  fine  a  pitch 
as  possible  for  the  propeller,  because  then  the  stream  of  water  from 
the  stern  flowed  more  directly  aft,  and  the  side  wash  so  objectionable 
for  the  banks  was  to  a  considerable  extent  prevented.  The  finer 
pitch  of  course  meant  that  the  propeller  had  to  be  driven  at  a  higher 
speed   of    revolution ;    but   lie   was   quite    satisfied   from    his  own 
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experience  of  propeller  working  tliat  in  order  to  avoid  tlie  wasli  a 
fine  pitch  was  wanted. 

Mr.  George  Cawley  said  the  experience  of  canal  managers  and 
engineers  showed  that  the  conditions  of  boats  navigating  canals  were 
quite  dijfferent  from  those  of  vessels  in  open  water,  in  regard 
imrticularly  to  the  resistance  encountered  and  also  in  other  respects. 
In  the  course  of  a  long  discussion  upon  a  paper  read  ten  years  ago 
before  the  Institution  of  Civil  Engineers  (Proceedings  1884,  vol.  Ixxvi, 
page  160),  it  had  transpired  that  even  canal  engineers  themselves 
were  not  at  all  agreed  as  to  the  best  conditions  of  working.  In 
illustration  of  the  influence  of  section  of  waterway  on  speed  of  boat, 
an  instance  had  then  been  mentioned  (page  188)  of  a  light  steamer 
having  an  immersed  cross  section  of  only  2^  square  feet,  and  intended 
to  attain  a  speed  of  10  miles  an  hour,  which  in  a  canal  of  123  square 
feet  cross  section  could  not  be  made  to  exceed  5  •  62  miles  an  hour.  In 
a  tunnel  having  a  cross  section  of  90  square  feet  the  speed  fell 
off  to  4-8  miles ;  and  here  the  boat  was  followed  by  a  wave  2  feet 
high,  which  if  it  had  overtaken  the  boat  would  probably  have  swamped 
her.  Such  an  experiment  seemed  to  him  to  be  conclusive  against  the 
attainment  of  any  considerable  sj)eed  upon  canals. 

Mr.  W.  F.  Richmond  had  noticed  that  even  the  present  canal 
boats  were  liable  to  injury  from  the  lock  gates  being  improperly  or 
carelessly  closed.  The  rudder  was  sometimes  damaged  by  the  gates, 
when  their  closing  was  delayed  until  the  barge  after  entering  a 
lock  from  the  lower  level  had  returned  sternwards  with  the  leaving; 
water ;  or  when  the  gates  were  closed  too  soon  on  a  barge  entering 
from  the  upper  level.  The  propellers  of  4  ft.  10  ins.  diameter 
described  in  the  paper  appeared  from  the  drawing  to  project  from 
2  to  2^  feet  behind  the  boat,  besides  occupying  the  full  width  of  the 
boat ;  and  he  would  therefore  recommend,  whether  the  propellers 
were  protected  by  the  weed  guards  shown  in  the  drawing  or  by  a 
cylindrical  casing  (page  374),  that  the  supporting  stringers  on  each 
side  should  be  made  strong  enough  to  serve  as  fenders  against 
anything  which  might  otherwise  strike  the  forward  side  of  the 
propeller  blades. 
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Mr.  Henry  J.  Eogers  Lad  recently  been  making  some  screw 
propellers  with  no  blades  at  all,  but  witb  one  complete  turn  of  the 
thread  and  small  pitch  ;  they  were  for  electric  launches  intended  to 
work  on  the  uj^per  Thames  above  the  locks.  The  propellers  were 
driven  at  a  high  speed,  and  had  been  found  to  answer  admirably. 
The  boats  were  j)ropelled  at  a  rapid  rate,  and  there  was  little 
or  no  wash. 

Mr.  Arthur  W.  Spence  wished  to  know  what  was  the  effect  of 
the  arrangement  described  in  the  jiaper,  as  compared  with  the 
ordinary  screw  propeller ;  and  what  means,  if  any,  were  taken  to 
prevent  the  wash  from  injuring  the  banks  of  the  canal.  On  the 
Grand  Canal  in  Dublin  many  years  ago  his  father  had  first 
introduced  steam  propulsion ;  but  owing  to  the  wash  from  the 
propeller  injuring  the  banks  so  much,  j)articularly  in  places  where 
the  canal  was  very  narrow,  it  had  to  be  discontinued.  This 
experience  led  Messrs.  Guinness  to  introduce  their  present  fleet  of 
steam  lighters  on  the  river  Liftey,  instead  of  on  the  canal. 

Mr.  W.  T.  Olive  asked  whether  on  entering  a  larger  or  a  smaller 
section  of  channel  it  was  found  necessary  each  time  to  re-adjust  the 
immersion  of  the  propellers,  or  whether  it  was  the  custom  to  do  so. 

Mr.  Barcroft  said  the  skew  wheels  (page  367)  were  used  for 
convenience,  and  so  far  they  had  not  been  found  to  be  attended  with 
any  loss  of  power  that  was  material.  In  all  jirobability  there  was 
some  slight  loss,  but  not  sufficient  he  thought  to  be  set  against  their 
advantages.  The  use  of  skew  wheels  was  not  by  any  means  a 
necessity.  Where  there  was  a  sej)arate  engine  for  driving  each 
propeller,  either  jH-opeller  when  required  could  be  driven  from  the 
other,  using  only  one  engine  for  driving  both  propellers.  If  for  any 
reason  it  was  desired  to  stoj)  the  propeller  immediately  driven,  a  key 
could  be  taken  out,  and  the  driving  shaft  would  run  loose  through 
the  nearest  wheel,  and  the  furthest  propeller  could  be  driven  without 
driving  the  nearest.  In  most  cases  a  dead-wood  sponson  was  used 
for  taking  the  thrust  of  the  propellers  (page  369) ;  but  this  was  not  a 
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necessity,  the  vertical  frames  being  themselves  strong  enough  and 
fixed  securely  enough  for  the  purpose. 

With  these  partially  immersed  propellers  it  seemed  to  be  thought 
(page  368)  that  efficiency  was  quite  out  of  the  question;  but  he 
considered  that  the  facts  were  against  that  idea.  The  total  mileage 
run  by  the  boats  up  to  the  present  time  was  about  6,000,  and  they 
had  traversed  about  300  miles  of  waterway  in  Ireland.  The 
northern  canals  were  much  worse  in  section  that  the  Grand  Canal. 
The  latter  had  originally  been  a  fine  waterway,  but  it  had  since 
become  diminished  in  depth  through  time  and  through  not  being 
dredged.  The  northern  canals  had  still  their  original  depth,  but 
were  choked  up  with  weeds. 

Since  the  paper  was  prepared,  the  managing  owner  of  the 
steamer  "Newry"  had  given  him  the  figures  of  her  working  for 
twelve  weeks.  She  came  out  from  the  hands  of  the  builder 
Mr.  Crawford  at  Newry  on  5th  May,  and  from  that  date  to 
26th  July  she  had  travelled  520  miles,  and  had  carried  a  total 
of  440  tons  in  eight  cargoes,  the  average  weight  of  each  cargo 
being  therefore  55  tons.  The  expenditure  for  coal  came  to  o^d. 
per  mile  over  the  whole  distance.  The  crew  consisted  of  a 
man  and  a  boy.  On  the  "Ulster"  there  were  two  men,  captain 
and  mate,  of  whom  the  latter  happened  to  be  a  militiaman  ;  and 
about  a  month  ago,  when  the  militia  were  called  out  for  training, 
the  boat  was  at  a  place  called  Gilford,  on  the  Newry  navigation, 
fifteen  miles  from  Newry  (Plate  92).  The  captain  however  did  not 
want  another  mate,  and  himself  alone  brought  the  boat  into  Newry, 
through  twelve  locks  and  fifteen  miles  of  navigation,  without  any 
assistance  whatever.  As  to  danger  in  passing  through  locks 
(page  376),  he  did  not  know  of  any  accident  having  ever  happened 
in  that  way ;  and  the  boats  had  gone  through  thousands  of  times. 

In  regard  to  the  waste  of  time  in  locking,  which  had  been 
referred  to  as  so  serious  an  obstacle  (page  370),  on  the  Grand  Canal 
he  had  taken  the  time,  and  had  found  that  on  one  occasion  a  steamer 
went  through  a  lock  at  TuUamore  in  a  minute  and  a  half :  so  that 
he  thought  the  delay  would  not  be  serious,  if  there  were  proper 
arrangements  for  opening  and  closing  the  gates. 
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The  reason  wliy  large  propellers  were  more  effective  tlian  small 
ones  (page  368)  lie  had  endeavoured  to  illustrate  by  a  sketch, 
Fig.  12,  Plate  91.  The  small  circle  in  the  middle  represented  a 
j)ropeller  of  say  2^  feet  diameter  wholly  submerged.  The  two 
large  circles  represented  the  twin  propellers  of  say  5  feet  diameter. 
If  these  were  immersed  to  only  half  their  depth,  they  would  have 
four  times  the  grip  on  the  water  that  the  small  propeller  would 
have.  The  effect  of  their  having  so  much  more  water  to  act  upon 
was  that  the  wash  was  done  away  with ;  practically  there  was 
no  wash.  He  had  seen  these  propellers  working  with  no  more 
than  4  per  cent,  difference  between  the  distance  actually  run  and 
the  calculated  distance  due  to  the  revolutions :  which  he  thought 
was  probably  as  good  a  result  as  could  be  met  with.  When  the 
section  of  the  waterway  became  narrower,  the  slip,  if  it  might  be 
so  called,  became  greater  in  proportion  to  the  narrowness  of  the 
channel.  On  the  same  voyage  in  which  he  had  noted  the  slip  of  only 
4  per  cent,  in  one  place,  it  had  risen  to  68  per  cent,  in  another  where 
the  waterway  was  but  slightly  larger  than  the  immersed  section 
of  the  boat.  In  that  instance  indeed  the  boat  section  amounted  he 
believed  to  about  two-thirds  of  that  of  the  waterway,  and  the  speed 
fell  to  6-7ths  of  a  mile  per  hour,  whereas  in  the  open  it  was  3  miles 
per  hour.  In  so  narrow  a  channel  he  thought  an  ordinary  propeller 
would  not  move  the  boat  forwards  at  all ;  in  all  probability  she 
.would  even  go  back,  notwithstanding  that  the  propeller  continued  to 
revolve  in  the  direction  for  forward  progress ;  he  had  seen  such  a 
thing  happen. 

The  propellers  were  not  altered  in  vertical  adjustment  for 
change  in  section  of  channel  (page  377),  but  only  for  change  in  load 
line.  Each  propeller  was  adjusted  separately  by  means  of  the  small 
portable  crane,  which  was  shifted  from  one  side  of  the  boat  to 
the  other. 

As  an  illustration  of  the  advantage  of  larger  blades,  on  one 
occasion  in  his  experiments  in  open  water  he  had  substituted  blades 
of  a  smaller  area,  with  whicli  the  mimber  of  revolutions  to  give 
a  certain  speed  was  about  90  per  minute.  On  then  replacing  the 
larger    blades    tlie   revolutions   were   reduced   from   90  to  56   per 
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Qh:  Barcroft.) 

minute,  without  any  change  in  the  speed  of  the  lighter.  This  he 
thought  was  sufficient  to  prove  that  it  was  necessary  to  increase  the 
blade  area,  within  certain  limits  which  could  be  arrived  at  only  by 
practice. 

The  President  thought  it  was  a  little  doubtful  whether,  in  some 
of  the  criticisms  that  had  been  offered  upon  the  paper,  the  whole  of 
the  conditions  which  the  author  had  had  to  meet  had  been  fully 
realised.  The  designing  of  a  marine  engine  to  drive  twin  screw- 
propellers  was  work  of  an  ordinary  kind.  But  it  seemed  to  him  to 
be  very  different  from  ordinary  marine  work  to  have  to  design 
engines  and  proj)ellers  which  should  carry  forward  a  barge  under 
such  difficult  conditions  as  were  here  met  with.  He  questioned 
whether  any  mariae  engineer  who  had  not  actually  worked  in  this 
particular  line  could  quite  appreciate  what  the  practical  difficulties 
really  were.  "Whatever  they  might  be,  he  understood  they  had  now 
been  successfully  met ;  and  he  hoped  that  later  on,  when  there  had 
been  more  time  for  working,  the  author  might  give  some  fuller 
particulars  as  to  cost,  coal  consumption,  and  efficiencies,  than  he  had 
at  present  been  able  to  furnish.  Meanwhile  he  had  great  pleasure 
in  moving  a  vote  of  thanks  to  him,  in  which  the  members  he  ^as 
sure  would  heartily  join,  for  the  interesting  information  already 
supplied  on  so  important  a  subject. 
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DESCEIPTION  OF  THE 
MANCHESTER  MAIN  DRAINAGE  WORKS. 


By  Mr.  WM.  THOMAS  OLIVE,  Resident  Exgineer. 


1.  Historical. — The  question  of  floods  claimed  tlie  serious  attention 
of  the  Corporation  of  Mancliester  when  in  1872  the  river  Medlock 
rose  to  a  height  of  25  feet  above  ordinary  water  line  at  Pinmill 
Bridge,  and  caused  an  enormous  amount  of  damage.  But  it  was  not 
until  1874  that  a  committee  was  organised  to  consider  the  prevention 
of  floods ;  and  their  report  in  November  of  that  year  recommended 
the  raising  of  the  bridges  and  the  removal  of  weirs  on  the  Medlock, 
the  clearing  out  of  the  river  bed,  and  alterations  to  the  weir  at 
Throstle  Nest  on  the  Irwell.  A  report  on  the  flood  question,  and  in 
connection  therewith  on  the  interception  of  the  sewage  of  the  city 
from  the  rivers,  was  obtained  from  the  late  J.  F.  Bateman  and 
J.  G.  Lynde  in  1877.  The  Salford  Corporation  were  the  first  to 
take  active  steps,  by  appointing  a  Conservancy  Board  for  the  whole 
watershed  of  the  Irwell ;  and  to  them  must  be  ascribed  the  credit  of 
first  launching  out  into  extensive  works  of  main  drainage.  In  1878 
several  of  the  adjoining  local  authorities  sought  to  join  in  the 
Manchester  scheme  of  sewage  interception  and  treatment,  but  could 
not  arrange  a  basis  of  agreement ;  consequently  the  idea  of  a  joint 
scheme  was  abandoned  in  October  1879.  In  1885  the  Rivers 
Committee  reported  on  the  various  systems  of  sewage  treatment  in 
operation  at  that  time ;  and  after  consulting  Mr.  J.  Bailey  Denton  they 
recommended  in  1887  the  system  carried  out  at  Leeds,  as  an  example 
for  Manchester  to  follow.  The  necessity  for  action  was  considerably 
hastened  by  the  contemplated  construction  of  the  Ship  Canal.  After 
a  prolonged  enquiry  thej  sanction  of  the  Local  Government  Board 
was  obtained  on  IGth  March  1889,  with  some  limitations  and 
alterations ;  and  instructions  to  carry  out  the  scheme  were  issued  by 


382  MANCHESTEE    DEAINAGE    WORKS.  JCLY  1894. 

tlie  Council  on  3rd  April  1889.  Accordingly  in  tlie  autumn  of  tliat 
year  tlie  first  contracts  were  let,  and  operations  were  commenced  in 
the  beginning  of  1890.  Since  that  time  the  work  has  been 
continuously  in  j)rogress,  and  has  comprised  twenty-seven  contracts 
for  main  intercepting  sewers,  tanks,  buildings  and  machinery,  and 
filtering  beds. 

2.  Area  and  Population. — Previously  to  1885  the  area  of 
Manchester  was  4,296  acres,  and  the  population  341,414.  In  that 
year  the  area  was  increased  to  5,929  acres  ;  and  in  1890  six  townships 
were  added,  comprising  an  area  of  6,861  acres :  so  that  the  total  area 
is  now  12,790  acres,  and  the  population  about  515,600.  A  general 
plan  of  the  area  drained  and  of  the  works  is  shown  in  Fig.  1,  Plate  93. 
The  plan  now  being  proceeded  with  is  an  intercepting  scheme,  whereby 
as  far  as  practicable  the  new  main  sewers  are  carried  along  the  valleys 
at  such  depths  as  to  intercept  the  existing  sewers  and  convey  all  the 
sewage  to  one  main  outfall,  which  forwards  it  to  the  sewage  works  at 
Davyhulme,  five  miles  distant  from  the  city.  A  gravitation  system 
has  been  aimed  at  and  attained,  although  in  some  places  at  the 
expense  of  very  flat  gradients.  Nevertheless  it  is  believed  that  the 
sewers  will  be  perfectly  seK-cleansing.  The  calculations  for  the 
sizes  of  the  sewers  have  been  based  upon  a  present  daily  water 
supply  of  20  gallons  per  head,  together  with  5  gallons  as  a  margin 
for  increase  and  for  subsoil  water  :  in  all  25  gallons  per  head  for  a 
prospective  population  of  625,000,  together  with  a  rainfall  varying 
in  different  parts  of  the  district  from  3-16ths  inch  up  to  ^  inch  in 
twenty-four  hours. 

Eainfall. — The  consideration  of  the  rainfall  was  much  simplified 
by  an  agreement  entered  into  with  the  Ship  Canal,  the  substance  of 
which  is  as  follows.  The  storm  overflow  sewer  discharging  into 
the  Ship  Canal  at  Mode  Wheel  is  so  constructed  that  nothing  can 
flow  through  it,  until  -nith  the  addition  of  rainfall  the  volume  flowing 
down  the  main  outfall  sewer  at  its  junction  with  the  storm  overflow 
sewer  exceeds  six  times  the  normal  flow  of  sewage  from  the  whole 
area  draining  into  the  main  outfall  sewer.  If  at  any  time  the 
flow  down    the   storm  sewer  should  injure  the  water   in  the  Ship 
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Canal,  the  Corporation  can  be  called  upon  to  raise  the  level  of  tlie 
weir  at  the  junction  to. such  a  height  that  nothing  can  flow  into  the 
canal  until  the  volume  flowing  down  the  main  outfall  sewer  exceeds 
eight  and  a  half  times  the  normal  flow  of  sewage  from  the  whole 
area.  In  London  the  provision  made  for  rainfall  is  one  quarter  of 
an  inch  distributed  over  twenty-four  hours. 

Subsoil  Water, — From  gaugings  taken  the  author  has  been  able 
to  ascertain  that  the  subsoil  water  entering  the  Manchester  sewers 
per  acre  of  sewer  surface  is  at  the  rate  of  only  17,300  gallons  a  day, 
or  1'92  cubic  feet  per  minute. 

3.  Main  Intercepting  Sewers. — The  main  intercepting  sewers  vary 
in  size  from  2  feet  wide  by  3  feet  high  to  14  feet  wide  by  lOi  feet  high. 
All  the  sewers  up  to  5  feet  diameter  have  been  built  in  two  rings  of 
brickwork ;  from  5  feet  to  10  feet  diameter  in  three  rings ;  and  the 
main  outfall,  which  is  14  feet  wide  by  10^  feet  high,  in  four  rings. 
In  the  smaller  sewers  blue  bricks  have  been  used  for  the  inner  ring, 
and  common  reds  for  the  outer  or  back  ring.  Both  hydraulic  lime 
and  cement  mortar  have  been  used,  whichever  was  considered  most 
suited  to  the  nature  of  the  ground. 

By  far  the  larger  portion  of  the  work  has  been  done  in  tunnel. 
The  strata  have  been  for  the  most  part  sandstone  rock,  boulder  clay, 
sand  and  ballast,  and  a  little  running  sand.  The  greatest  difliculties 
to  contend  with  have  been  presented  by  the  old  sewers,  which  to  a 
large  extent  follow  the  same  lines  as  the  new,  sometimes  running 
about  the  same  level,  side  by  side,  or  crossing  over,  under,  or  through. 
In  two  instances  men  have  been  drowned,  owing  to  the  bursting  of 
these  dangerous  and  often  badly  constructed  old  sewers ;  and  many 
times  have  the  workings  been  flooded  thereby.  To  cope  with  the 
work  successfully  required  a  great  deal  of  ingenuity,  and  much 
thought  and  additional  expense.  Special  ironwork  has  had  to  be 
made ;  and  storm-overflow  chambers  have  been  built  over  the  old 
sewers,  wherever  tapped,  so  that  only  the  right  amount  of  sewage  and 
storm  water  should  enter  the  new  sewers,  and  the  rest  should  flow 
over  a  weir  and  down  the  disused  j)ortion  of  the  old  sewers  to  the 
rivers.     Twice  have  old  tunnels,  from  the  rivers  Irk  and  Medlock  to 
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adjoining  mills,  been  cut  througli  at  great  expense  and  trouble  and 
some  danger.  In  one  place  a  disused  canal  branch,  tlie  existence  of 
which  was  not  known,  was  tapped,  and  the  workings  were  flooded, 
the  men  narrowly  escaping  with  their  lives.  The  several  river 
crossings  call  for  no  special  mention ;  but  it  is  worthy  of  note  that 
in  crossing  under  three  main  lines  of  railway — namely  the  Cheshire 
lines  to  Liverpool,  the  Midland  line  to  London,  Figs.  2  to  5,  Plate  94, 
and  the  South  Junction  lines — although  the  crown  of  the  sewer, 
14  feet  wide  by  10^  feet  high,  was  within  2  feet  of  the  sleepers,  no 
accident  occurred,  nor  were  any  trains  ever  delayed.  At  Erskine 
Street,  Stretford  Eoad,  there  is  a  large  junction  chamber  or  bell- 
mouth,  where  the  combined  flow  of  a  7  feet  and  a  9  feet  sewer 
discharges  into  the  main  outfall  sewer  of  elliptical  section,  14  feet 
by  10^  feet.  The  length  of  this  sewer  to  the  storm  overflow 
chamber  is  about  3,535  yards  or  just  over  two  miles;  and 
it  varies  in  depth  from  37  feet  to  45  feet  below  the  surface  of  the 
ground. 

Storm  Overflow  Chamber. — The  storm  overflow  chamber  itself  is 
large,  measuring  51^  feet  long  by  27  feet  2  inches  wide,  as  shown  in 
Figs.  6  to  8,  Plate  95 ;  it  has  a  weir  running  the  full  length  along 
the  side  of  the  sewer,  at  such  a  height  as  to  satisfy  the  conditions  of 
the  agreement  with  the  Ship  Canal. 

Bridgewater  Canal  Crossings. — In  passing  under  the  Bridgewater 
Canal,  as  shown  in  Figs.  9  to  17,  Plates  96  to  99,  the  main  outfall  sewer 
had  to  be  constructed  in  two  cast-iron  cylinders,  each  8  feet  9  inches 
diameter,  owing  to  lack  of  headroom  and  to  the  stipulation  that  a  depth 
of  9  feet  in  place  of  5^  feet  was  to  be  provided.  The  work  was  done 
half  at  a  time  by  means  of  cofferdams  made  of  sand ;  and  the  canal 
had  to  be  temporarily  widened  in  order  to  provide  for  an  uninterrupted 
traffic.  From  the  storm  overflow  chamber  to  the  tanks,  a  distance  of 
4,259  yards  or  2*42  miles,  the  main  outfall  sewer  is  diminished  in 
size  to  10  feet  diameter  with  a  fall  of  1  in  2,000.  It  averages  15  feet 
deep,  and  has  been  laid  in  open  cutting  and  through  fields.  A  second 
crossing  under  the  Bridgewater  Canal  occurs  here;  but  the  main 
sewer  by  gradual  dropping  increased  the  interval  between  the  invert 
and  the  water  level,  which  latter  is  the  same  as  at  the  first  crossing, 
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60  that  the  headroom  sufficed  for  a  single  cast-iron  tube  10  feet  in 
diameter. 

Sewer  laid  through  Running  Sand. — The  ground  passed  through 
has  on  the  whole  been  good ;  but  in  places  much  water  has  been 
encountered,  and  some  running  sand.  In  Stretford  Eoad  on  the 
7  feet  sewer,  where  a  length  of  about  300  yards  of  running  sand  was 
met  with  in  the  inverts,  the  method  shown  in  Fig.  12,  Plate  97, 
was  adopted.  Short  timber  piles  P  were  driven  along  each  side  of  the 
bottom  of  the  trench,  surmounted  by  longitudinal  capsills  C  and 
transverse  sleepers  S  ;  and  board  piles  B,  strengthened  by  longitudinal 
walings  W,  held  back  the  running  sand  along  the  sides  of  the  trench 
while  the  invert  was  turned  on  the  sleepers  and  carried  up  to  the 
centre  line,  above  which  the  sand  was  overlain  by  boulder  clay.  The 
latter  was  supported  by  four  longitudinal  side  bars  and  three  crown 
bars  E,  held  apart  by  stretchers.  As  the  building  of  the  crown 
progressed,  the  four  side  bars  were  taken  out,  while  the  three  crown 
bars  E  with  the  head  trees  and  roof  boards  were  left  in  permanently, 
and  the  space  above  the  crown  of  the  sewer  was  filled  in  with  brick 
packing. 

4.  Outfall  Wo7-Jcs. — The  Corporation  are  under  obligation  to  treat 
chemically  and  also  to  filter  subsequently  through  land  the  effluent 
of  the  dry-weather  flow  of  sewage  from  the  population  of  the  city  ; 
equal  at  4  cubic  feet  per  head  to  a  quantity  of  2,400,000  cubic  feet 
])ev  24  hours  upon  a  total  population  of  600,000 ;  or  2,500  cubic  feet 
i^er  minute,  assuming  one  half  the  total  flow  to  pass  in  8  hours. 
The  buildings  are  designed  in  a  conventional  style  of  architecture, 
and  somewhat  resemble  a  modern  farm  building.  They  are  faced 
with  Euabon  red  pressed-bricks :  the  reason  for  this  is  the  great 
durability  of  these  bricks  ;  and  as  the  buildings  are  in  an  exposed 
situation,  it  was  thought  desirable  and  cheaper  in  the  end  to  have  them 
faced  with  good  imiiervious  bricks  which  would  keep  the  walls  dry. 

Boiler  House. — The  boiler  house,  Plate  100,  partly  sunk  below  the 
ground  level,  is  70  feet  long  by  33  feet  wide,  which  allows  ample  space 
for  three  Lancashire  boilers,  30  feet  long  and  7  feet  diameter,  of  which 
two  only  arc  required  at  present.     It  is  lofty,  and  has  an  open  timber 
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roof  with  large  exhaust-ventilator  at  the  apex,  and  is  well  lighted  at 
the  side  and  one  end ;  the  windows  are  solid  wood  frames,  and  the 
upper  portions  above  the  transomes  are  filled  in  with  sheet  glass  and 
made  to  open.  The  end  is  divided  into  three  bays  by  two  brick 
pilasters,  and  the  three  spaces  are  filled  in  with  wood  framing  ;  the 
upper  portion  is  glazed,  and  is  fixed  in  the  rebate  of  the  brickwork 
by  means  of  large  coach-screws  in  wood  blocks  built  into  the  walls. 
Thus  at  any  time,  should  a  boiler  require  to  be  replaced,  the  whole 
or  a  portion  of  the  wood  framing  can  be  taken  down,  and  the  boiler 
got  out  without  damaging  any  brickwork.  The  feed-water  is  heated 
by  a  Green  economiser  with  96  pipes. 

Engine  House. — In  the  engine  house,  which  is  70  feet  by  47  feet 
and  lofty,  are  placed  duplicate  engines  for  working  the  lime  mixers, 
&c.,  two  air-compressors  and  engines,  accumulator  with  two  hydraulic 
duplex  pumps  for  working  the  sludge  presses,  dynamo  and  engine  for 
electric  lighting,  and  electric  accumulator  cased  in  by  means  of  wood 
framing.  The  ui)per  portion  and  the  open  timber  roof  are  glazed. 
The  roof  is  in  two  spans,  with  queen-post  principals  supported  in  the 
centre  upon  cast-iron  columns.  It  has  four  exhaust  ventilators  at 
the  top  ;  the  windows  are  similar  to  those  of  the  boiler  house,  and 
are  made  to  open.  Two  large  gateways  are  made  at  the  end  of  this 
portion  of  the  building,  for  bringing  in  or  taking  out  any  of  the 
machinery. 

Lime-Mixing  House. — The  lime-mixing  house  is  82  feet  by  27  feet, 
with  gallery  along  one  side  and  end  for  lime-mixers.  The  gallery  is 
carried  upon  cast-iron  columns,  and  the  floor  is  formed  with  cement 
concrete  arches  supported  upon  rolled  iron  joists.  Fixed  on  this 
floor  are  combined  sewage-liming  and  lime-grinding  machines,  with 
agitators  and  driving  gear  and  one  milk-of-lime  agitator.  On  the 
ground  floor  are  provided  lime-pits,  into  which  dip  the  lower  ends  of 
the  elevators  that  convey  the  lime  up  to  the  machines  on  the  gallery 
floor. 

Lime  Store. — The  lime  store,  82  feet  by  27  feet,  is  divided  into 
five  lime  bunkers,  each  12  h  feet  by  12^  feet.  There  is  a  stone 
staircase  at  one  end  and  a  store-room  at  the  other;  and  a  barrow 
passage  6  feet  wide  is  provided  between  the  lime  bunkers  and  the 
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lime-mixing  house,  with  openings  in  the  two  walls  for  allowing  the 
lime  to  be  drawn  by  means  of  a  scraper  to  the  lime  pits  of  the 
elevators.  A  gallery  17  feet  wide  extends  the  whole  length  of  one 
side,  formed  with  rolled  iron  joists  and  cement-concrete  arches,  on 
which  a  tramway  runs.  The  gallery  floor  is  reached  at  one  end  by 
an  inclined  gantry,  11  feet  wide,  supported  upon  cast-iron  columns 
and  rolled  iron  joists,  and  having  a  plank  floor  •nn.th  tramway  for 
bringing  the  lime  to  the  bunkers  in  wagons.  The  wagons  are  tipped 
on  the  gallery  floor,  and  there  the  lime  is  slaked  and  then  thrown 
into  the  bunkers.  The  haulage  of  the  wagons  up  the  inclined  gantry 
is  done  by  a  large  swivel-pulley  and  shafting  worked  from  the  main 
shafting.  The  roofs  of  the  mixing  house  and  lime  store  are  open 
timber  roofs,  having  queen-post  principals  with  lantern  lights  and 
side  louvre  ventilators. 

Press  House. — In  the  press  house,  82  feet  by  50  feet,  are  placed 
seven  pits,  12  feet  by  8^  feet,  at  an  average  depth  of  34  feet ;  in  these 
are  fixed  five  rams  or  sludge  receptacles,  into  which  the  sludge  runs, 
and  from  which  by  means  of  compressed  air  it  is  forced  up  into  the 
eight  filter-presses  overhead.  The  walls  are  cambered  to  these  pits, 
except  the  division  walls,  and  are  lined  throughout  with  Staffordshire 
blue  bricks  ;  openings  with  circular  arches  are  left  in  the  division 
walls,  so  that  through  communication  between  the  pits  is  established. 
An  upper  floor  is  constructed  in  this  house  with  rolled-iron  joists 
and  cement-concrete  arches,  supported  upon  cast-iron  columns ; 
openings  are  left  in  the  floor  under  each  press,  for  allowing  the 
sludge  cake  to  fall  into  the  tip  wagons  when  a  press  is  opened. 
Two  large  sliding  gates  are  provided  at  each  end  of  the  house,  giving 
access  for  wagons  under  the  presses.  Two  iron  staircases  are 
provided,  leading  to  the  upper  floor.  The  building  is  roofed  in  two 
spans,  with  queen-post  principals  supported  upon  cast-iron  columns 
in  the  centre. 

Offices  are  provided  in  a  separate  building,  one  for  the  manager 
and  the  other  for  the  chemist,  with  a  board  room  over.  Stables  for 
four  horses  and  loose  box,  mess  room,  store  room,  and  weighing- 
machine  office  are  provided  in  a  separate  building,  with  hay-loft 
over. 

2  N  2 
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Settlinrj  TanJcs. — There  are  eleven  tanks, Fig.  18,  Plate  100,  all  open 
to  the  air,  each  300  feet  long  and  100  feet  wide,  having  an  average 
depth  of  6  feet,  a  total  water-surface  area  of  about  7h  acres,  and  a 
holding  capacity  of  12^  million  gallons.     The  floors  are  of  cement 
concrete,  and  all  the  walls  of  brickwork.    The  floors  of  the  tanks 
are  level  transversely,  and  rise  1  in  150  from  the  inlet  end  to  the 
overflow  end.      After  the  sewage  leaves  the  10-foot  outfall  sewer,  it 
flows  through  a  screen  at  S,  inclined  at  an  angle  of  about  60"  with 
the  horizontal,  by  which  all  the  larger  matters  in  suspension  are 
caught,  and  afterwards  removed  with  a  rake.     Immediately  behind 
the  screen,  the  chemicals — sulj)hate  of  alumina  and  milk  of  lime — 
are  added,  and  thoroughly  mixed  with  the  sewage  by  means  of  an 
agitator  at  A.     The  mixture  then  passes  on  into  the  sewage  channel 
through  the  sluice  ways  at  C  or  D,  and  is  admitted  into  any  particular 
tank  by  means  of  small  sluices  provided  for  that  purpose,  three  to 
each  tank.     In  sudden  and  heavy  storms,  when  the  amount  of  water 
is  too  great  to  be  properly  coped  with  and  the  sewage  is  largely 
diluted,  the  sluices  at  E  may  be  opened,  and  a  portion  of  the  water 
run  straight  to  the  Ship  Canal.    The  tanks  being  filled,  the  top  water 
runs  over  a  crest  or  weir  W,  and  falls  into  the  efiiuent  channel,  whence 
it  flows  at  present  down  a  tumbling-bay  at  B  to  the  efiiuent  conduit 
8  feet  diameter,  and  so  to  the  Ship  Canal.     When  the  filtering  beds 
are  completed,  -nhich  are  now  in  course  of  construction,  the  sluice  at 
B  will  be  closed  and  that  at  H  opened,  so  that  the  efiiuent  may  i)ass 
along  the  carrier  and  on  to  the  beds,  to  be  further  purified  before 
flowing  into  the  Ship  Canal.     The  tanks  are  constructed  uj)on  the 
continuous-flow  system,  and  each  tank  is  used  for  about  five  days 
before  being  cleaned  out.     The  water  to  the  depth  of  4^  feet  is  then 
removed   by   means  of  floating   arms   or  decanting  valves,  and  is 
delivered  into  15-inch  cast-iron  jiipes,  which  are  suspended  along 
the  soffit  of  a  subway  that  runs  underneath  the  full  length  of  the 
sewage  channel ;  thence  the  water  passes  on  to  the  low-level  filter- 
beds.     The  remaining  water  is  led  into  the  efiiuent  well  F,  and  is  lifted 
into  the  sewage  channel  for  re-treatment.     The  sludge  in  the  tanks 
is  passed  through  valves  into  a  semi-circular  sludge-carrier  in  the 
subway,  having  a  fall  of  1  in  110,  and  is  transmitted  to  the  sludge 
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well  L,  whence  it  is  pumped  up  by  means  of  twtj  Tangye  pumps  into 
the  sludge  pits  ;  and  after  still  further  water  has  been  decanted  from 
it  here,  it  flows  to  the  ram  pits  by  gravitation. 

Filtering  Beds. — The  land  owned  by  the  Corporation  for  filtration, 
apart  from  that  occupied  by  the  tanks  and  buildings,  is  about 
325  acres,  namely  112  acres  at  Davyhulme,  and  213  acres  at  Flixton 
two  miles  distant,  Plate  93.  Only  30  acres  are  at  present  laid  out,  in 
two  beds.  A  concrete  carrier  16  feet  wide  by  3^  feet  deep  and  2  feet 
thick  runs  along  the  top  end  of  the  beds,  and  discharges  the  sewage 
thereon  through  15-inch  sluices  placed  at  intervals  of  25  feet.  A 
centre  bank  divides  the  two  filter  beds,  and  a  continuous  bank  surrounds 
both.  The  top  of  the  banks  is  about  3^  feet  above  bed  level,  and  the 
beds  have  a  fall  of  9  inches  in  their  length,  or  a  gradient  of  about 
1  in  800.  A  puddle  wall  24  inches  thick  and  5^  feet  deep  runs 
through  the  centre  of  all  the  banks.  The  beds  are  drained  by 
18-inch  mains,  socketed  pipes  with  puddle  joints,  laid  about  200  feet 
apart  and  parallel  to  the  centre  bank ;  into  these  pipes  6-inch 
agricultural  drain-tiles  laid  30  feet  apart  are  connected  herring-bone 
fashion.  The  mains  connect  with  the  effluent  conduit,  which  runs 
under  the  centre  line  of  the  concrete  carrier ;  their  outlets  are 
provided  with  tidal  flaps,  and  are  laid  at  an  average  depth  of  6  feet. 
The  filtering  properties  of  the  subsoil  have  not  yet  been  thoroughly 
tested,  but  it  is  believed  they  will  prove  satisfactory.  The  soil  is  of  a 
sandy  loamy  kind,  almost  free  from  sand  and  gravel,  and  therefore 
perhaps  of  a  little  too  fine  and  close  a  nature ;  but  the  land  was 
the  best  and  most  conveniently  situated  that  could  be  obtained. 

5.  Extension  of  Works. — In  addition  to  the  area  of  123  acres 
acquired  in  1888,  powers  have  since  been  taken  for  the  acquisition  of 
a  further  quantity  of  land  for  filtration,  in  the  towaishij^s  of 
Carrington  and  Flixton,  near  the  junction  of  the  Manchester  Ship 
Canal  with  the  Kiver  Mersey.  This  area,  shown  in  Fig.  19,  Plate  101, 
contains  about  213  acres.  It  has  been  selected  with  the  view  of 
obviating  the  necessity  for  pumping  the  effluent,  which  can  bo 
delivered  by  gravitation  upon  180  acres ;  and  this  area,  together  with 
the  portions   at   Davyhulme   devoted  to  filtration,  amounts  in  the 
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aggregate  to  about  240  acres,  wliicli  is  estimated  to  suffice  for  a 
total  population  of  600,000,  or  at  tlie  rate  of  2,500  persons  per  acre. 

As  tlie  projected  areas  at  Carrington  and  Flixton  are  approximately 
three  times  the  size  of  that  at  Davyhulme,  it  has  been  thought 
desirable  to  design  the  effluent  conduit  of  sufficient  capacity  to 
deliver  upon  them  a  quantity  equal  to  the  entire  dry-weather  flow  of 
sewage,  so  that  the  filter  beds  at  Davyhulme  may  at  any  time  be 
allowed  a  period  of  entire  rest ;  and  the  water  for  filtration  will  be 
delivered  on  to  the  Carrington  and  Flixton  areas  over  a  weir  at  the 
end  of  the  effluent  channel  which  runs  along  the  breast  of  the 
precipitation  tanks.  The  weir  is  16  feet  in  length,  over  which  the 
total  di'y-weather  flow  of  2,500  cubic  feet  per  minute  represents  a 
depth  of  9j  inches.  Immediately  on  its  overfall  side  is  j)laced  a 
converging  chamber,  the  width  of  which  at  its  upper  end  is  equal 
to  the  length  of  the  weir,  and  at  its  lower  end  is  contracted  to  the 
width  of  the  effluent  conduit ;  the  breast  of  the  weir  and  floor  of  the 
chamber  are  in  longitudinal  section  a  parabola,  with  a  fall  of  3  "66 
feet  in  the  length  of  the  chamber. 

As  the  effluent  water  to  be  conveyed  from  the  precipitation  tanks 
to  the  filtration  areas  will  be  practically  free  from  suspended  matters, 
a  sectional  form  has  been  adopted  for  the  conduit,  such  as  is  frequently 
employed  for  purjjoses  of  water  supply,  affording  a  greater  hydraulic 
mean  dej)th  than  would  be  possible  with  any  other  form,  due  regard 
being  had  to  available  gradient  and  depth  of  flow,  both  of  which  in 
this  case  are  limited.  The  vertical  diameter  of  the  conduit  will  be 
6  feet  and  the  horizontal  diameter  7  feet,  the  gradient  beiag  1  in 
3,000 ;  and  with  these  dimensions  and  gradient,  according  to 
Mr.  Beardmore's  formula  D  =  A  x  55  V2  JSf,  the  discharge  D  of 
2,500  cubic  feet  ])ev  minute  represents  a  flow  of  3*10  feet  in  depth, 
equal  to  about  half  the  total  depth  of  the  conduit :  A  being  the 
sectional  area  of  the  stream  in  square  feet,  H  the  fall  in  feet  per  mile, 
and  /  the  hydraulic  mean  depth.  As  the  fall  from  the  level  of  the 
weir  to  the  invert  of  the  conduit  is  3*66  feet  in  the  converging 
chamber,  the  total  dry-weather  flow  of  effluent  can  be  conveyed 
through  the  conduit  with  a  considerable  margin  for  possible  increase, 
without  the  tail  water  backing  up  to  the  level  of  the  weir.     A  length 
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of  230  yards  at  the  commencement  of  tlie  effluent  conduit  will  be 
constructed  as  an  oj^en  channel,  fitted  with  sluices  rendering  it 
available  as  a  carrier  for  the  Davyhulme  filter-beds.  The  length  of 
the  conduit  will  be  3,500  yards  or  practically  2  miles.  Its  course  has 
been  laid  out  with  a  view  to  interfering  as  little  as  possible  ■ndth 
building  land,  and  in  a  fairly  direct  line  so  as  to  avoid  any  sharp 
curves  which  would  increase  friction  and  retard  flow.  There  is 
no  curve  of  a  radius  less  than  770  yards.  A  length  of  180  yards 
crossing  the  valley  at  Bent  Lanes  will  be  constructed  on  a 
substructure  of  brick  arches,  and  covered  by  an  embankment. 
Generally  speaking  the  work  will  be  constructed  in  tunnel  in  two 
4^-inch  rings  of  brickwork,  the  inner  being  of  blue  brick,  with 
purpose-made  skewback  springers  at  the  outer  angles  of  the  invert ; 
and  will  be  laid  on  a  foundation  of  cement  concrete.  The  sewer  of 
the  Barton  rural  sanitary  authority,  crossing  the  conduit  in  Bent 
Lanes,  will  be  conducted  under  it  by  means  of  a  syphon  ;  and  others 
at  Woodsend  Road  and  Irlam  Eoad  by  cast-iron  tubes  of  special 
construction.  The  invert  of  the  conduit  at  Flixton  where  it  enters 
upon  the  land  is  48  •  14  feet  above  ordnance  datum,  being  practically 
at  the  level  of  the  ground.  At  this  point  is  placed  a  distributing 
chamber,  Plate  101,  from  which  the  main  carriers  F  and  C  radiate  in 
two  principal  directions  :  F  proceeds  in  a  south-easterly  course  and 
skirts  the  upper  side  of  the  land  on  the  Flixton  bank  of  the  Mersey  ; 
and  C  in  a  south-westerly  direction  across  the  river  to  the  land  on 
the  Carrington  bank.  The  larger  proportion  of  the  land  on  the 
Flixton  bank  lies  below  a  contour  line  47  feet  above  ordnance  datum ; 
and  the  portion  to  be  laid  out  on  the  Carrington  bank  lies  below 
the  46  feet  contour  above  ordnance  datum. 

The  two  main  carriers  F  and  C,  Plate  101,  will  be  constructed  in 
concrete  of  differing  sectional  forms.  That  on  the  Flixton  side  F  has 
a  depth  of  3^  feet  to  water  level,  so  that  the  higher  portions  of  the 
land,  lying  between  the  contours  of  47  and  50  feet  above  ordnance 
datum,  may  be  utilized  by  drawing  from  the  upper  stratum  of  the 
flow ;  while  that  on  the  Carrington  side  C  is  not  more  than  2  feet  deep, 
in  order  to  reduce  as  much  as  jiossible  the  depth  of  the  tubes 
suspended  from  the  bridge  by  which   the  carrier  crosses  the  river 
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Mersey.  The  main  carrier  F  on  tlie  Flixton  side  •will  be  continued 
from  the  distributing  chamber  with  a  gradient  of  1  in  2,000,  as  it  is 
the  intention  to  maintain  the  water  in  this  channel  at  as  high  a  level 
as  possible,  drawing  from  it  by  sluices  for  the  subsidiary  carriers, 
which  diverge  from  it  generally  at  right  angles  and  are  placed 
300  feet  apart  with  gradients  of  1  in  1,000  ;  in  these  the  flow  will  be 
regulated  by  stej^s  and  sluices  vnth  transverse  carriers  of  smaller 
section,  arranged  so  as  to  accommodate  as  far  as  possible  the  natural 
ground  surface.  The  carriers,  both  large  and  small,  will  be  designed 
to  permit  of  the  water  being  distributed  in  a  continuous  flow  along 
each  side  of  the  carrier  in  such  lengths  as  required,  from  properly 
regulated  openings  placed  immediately  beneath  the  coj)ing  level,  so 
that  the  water  shall  be  delivered  to  the  whole  surface  of  the  filtration 
areas  with  as  great  regularity  and  uniformity  as  possible.  The 
main  and  subsidiary  carriers  on  the  Carrington  side  of  the  river  will 
be  laid  out  on  similar  lines. 

The  areas  served  by  each  subsidiary  carrier  will  vary  from  7^  to 
10  acres,  these  being  again  subdivided  by  smaller  carriers ;  and  the 
general  level  of  surface  will  vary  according  to  the  ground  from  15  to 
30  inches  below  the  water-level.  The  areas  will  be  underdrained  by 
6-inch  and  4-inch  agricultural  drain-pipes,  laid  in  diagonal  lines 
10  yards  apart  at  an  average  depth  of  G  feet,  and  delivering  into 
subsidiary  drains,  laid  under  the  roads  and  barrow  paths,  and  varying 
from  9  to  18  inches  diameter.  These  subsidiary  drains  will  be 
collected  by  a  main  underground  drain,  graduated  from  2  feet  to 
5  feet  diameter,  discharging  into  the  Manchester  Ship  Canal  at  a  point 
immediately  below  the  confluence  of  the  Mersey,  Plate  101 ;  the  water 
level  of  the  canal  at  that  point  is  26  feet  above  ordnance  datum, 
or  22  •  14  feet  below  the  invert  of  the  conduit  at  the  point  where  it 
enters  on  the  land.  The  main  underdrain  from  the  Flixton  area  Avill 
be  conducted  under  the  river  Mersey,  by  means  of  two  circular  cast- 
iron  syphon  pij^es,  36  inches  diameter,  and  will  be  connected  with 
the  main  drain  from  the  Carrington  area,  as  it  is  not  practicable  to 
obtain  a  separate  outlet  into  the  river.  Manholes  and  ventilators, 
placed  100  yards  apart,  will  be  provided  on  all  main  and  subsidiary 
underdrains,  with  shafts  for  aeration  placed  midway  between  them, 
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or  about  50  yards  apart.  Tlie  several  areas  will  be  subdivided  by 
roads  and  barrow  paths,  laid  out  to  coincide  generally  with  tbe  lines 
of  the  main  and  subsidiary  underdrains,  and  affording  convenient 
access  to  every  part  of  the  land,  and  communicating  with  the  existing 
roads  outside. 

The  bridge  across  the  river,  Plate  101,  connecting  the  Carringtou 
and  Plixton  areas,  will  be  of  the  lattice-girder  kind,  having  a  span 
of  about  60  feet  and  a  width  of  18  feet,  its  flooring  being  laid  on 
wrought-iron  plates ;  cross  girders  with  wrought  riveted  tubes  will 
be  suspended  therefrom,  for  conducting  the  main  distributing  carrier 
to  the  Carrington  side  of  the  river. 

The  portions  of  the  land  lying  above  the  available  level  for 
irrigation  will  be  utilized  for  the  erection  of  homestead,  cottages, 
stabling  and  outbuildings,  &c.  In  order  that  the  employment  of  this 
land  for  purposes  of  effluent  filtration  may  not  render  it  in  any  way 
unsightly  or  objectionable  to  the  neighbourhood,  the  banks  of  the 
river  and  the  boundaries  of  the  estate  will  be  suitably  fenced  and 
planted  with  fringes  of  trees  and  shrubs. 

6.  Machinery. — The  two  pumps  by  which  the  sludge  is  pumjDed 
up  from  the  sludge  well  into  the  sludge  jnts  are  fixed  in  the  well  L, 
Plate  100,  and  are  of  the  horizontal  direct-acting  kind  known  as 
the  "  special "  steam-pump,  constructed  by  Messrs.  Tangyes  and 
embodying  the  most  recent  improvements.  The  steam  cylinders  are 
12  inches  diameter  and  the  sludge  barrels  9  inches  diameter  with  a 
stroke  of  24  inches,  both  double-acting;  each  pump  is  capable  of 
raising  290  tons  of  sewage  sludge  in  eight  hours  to  a  height  of 
32  feet,  or  the  two  conjointly  580  tons.  The  valves  are  constinicted 
on  the  hinge  or  clack  principle,  the  clacks  being  of  wrought-iron 
faced  with  leather,  and  working  on  a  cast-iron  seat ;  the  clack 
spindles  are  so  arranged  that  the  withdrawal  of  either  of  the  valve- 
chest  covers  enables  the  valve  to  be  removed  with  ease.  Through 
these  valves  any  foreign  matter,  even  of  considerable  size,  can  pass 
without  damaging  the  pumj).  The  suction  and  rising  mains  are  so 
arranged  in  duplicate  that  the  pumps  can  be  worked  for  the  efiluent 
water,  thus  ensuring  a  ready  way  of  cleansing  them  of  sludge.     The 
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pumps  are  reliable  and  easily  understood ;  and  tlie  steam  consumption 
is  reasonable  for  the  work  done. 

After  the  sludge  has  remained  for  some  time  in  the  sludge  pits, 
tbe  top  water  is  led  off  by  means  of  decanting  valves  into  tlie 
effluent  well  F,  from  whicb  it  is  again  raised  by  pulsometer  pumps 
into  tbe  carrier.  From  tbe  sludge  j)its  the  sludge  gravitates  to  a 
well  just  outside  the  press  house,  and  is  admitted  in  succession  to 
the  five  rams  or  sludge  receptacles  ;  whence,  after  the  charge  of  milk 
of  lime  has  been  admitted,  it  is  forced  by  compressed  air  at  a 
pressure  of  100  lbs.  per  square  inch  into  one  or  other  of  the  eight 
j)resses  on  the  upper  floor.  The  rams  or  sludge  receptacles  are  of 
cast-iron  in  two  parts  with  faced  joints,  bolted  together  with  strong 
bolts  and  nuts,  each  receptacle  having  a  6-inch  inlet-valve  for  the 
sludge  and  a  3-inch  outlet-valve,  with  long  spindle,  brackets,  and 
hand-wheels  for  working  from  the  press  floor-level.  The  tipping 
wagons,  made  to  swivel  so  that  they  may  tip  either  at  the  side  or 
at  the  end,  are  passed  underneath  each  press  for  the  removal  of 
the  cake  when  liberated ;  and  the  expressed  liquid  is  allowed  to 
flow  back  into  the  main  sewage  carrier  to  be  treated  again. 

Sludge  Presses. — Each  of  the  eight  presses,  Plates  102  and  103,  is 
composed  of  a  series  of  vertical  plates  41  inches  square,  resting  by 
side  lugs  on  two  horizontal  tie-rods,  on  which  they  are  free  to 
slide,  and  from  which  they  can  be  lifted  when  necessary  by  means 
of  a  small  overhead  traveller.  At  each  end  of  the  press  the  rods 
are  supported  on  a  strong  fixed  frame.  At  one  end  is  an  inner 
sliding  frame,  which  is  opened  or  closed  by  hydraulic  pressure. 
When  the  press  is  closed  therefore  it  contains  a  series  of  45  vertical 
chambers  with  filter  cloths  on  each  side,  giving  to  each  chamber 
a  filtering  area  equal  to  double  the  size  of  the  plates,  which  are 
44  in  number  to  each  press.  The  sludge  is  made  to  pass  through 
the  centre  of  the  fixed  end  into  these  chambers,  where  the 
separation  of  the  solid  from  the  liquid  takes  place.  The  liquid 
filtering  through  the  cloths  runs  down  grooves  in  the  plates  and 
out  through  openings  at  the  lower  edges  of  the  plates ;  the  pressui-e 
is  kept  on  until  the  water  ceases  to  run,  showing  that  the  press  is 
then   full   of  cake.      Provision  has    been  made   for  six  additional 
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presses  if  required.  In  sinking  the  ram  pits  a  great  deal  of  water 
was  encountered  in  the  red  rock ;  this  is  now  raised  by  a  small 
ejector  and  utilized  in  the  working. 

Boiler  and  Engine. — The  machinery  in  connection  with  the  works 
is  driven  by  steam  from  two  Lancashire  boilers  made  by  Beeley,  of 
mild  steel  plates  ;  each  boiler  is  30  feet  long  and  7  feet  diameter, 
having  two  flues  2  feet  9  inches  diameter  with  solid-welded 
longitudinal  seams,  and  transverse  seams  made  with  anti-collapsible 
flange  joints  having  solid  caulking  rings  between  each  flange.  The 
main  driving  engine  is  horizontal  high-pressure,  with  cylinder 
10  inches  diameter  and  20  inches  stroke ;  this  drives  the  lime 
mixers,  elevators,  etc. 

Air-Compressors. — Two  air-compressors  are  provided,  having 
steam  cylinder  14  inches  diameter  and  air  cylinder  12  inches,  with 
a  stroke  of  20  inches.  Each  engine  and  compressor  is  fixed  on  the 
top  of  a  strong  cast-iron  air-receiver.  The  crank-shaft  is  furnished 
with  a  heavy  fly-wheel  at  each  end  ;  the  engine  is  also  fitted  with  a 
high-speed  governor,  and  equilibrium  valve.  The  air  cylinder  is 
fixed  behind  the  steam  cylinder,  and  driven  by  the  prolonged  end  of 
the  piston-rod,  with  a  coupling  for  connecting  direct  to  that  of  the 
air-compressor.  The  valves  and  seats  are  of  phosphor-bronze,  and  so 
arranged  as  to  secure  a  full  charge  of  air  in  each  end  of  the 
cylinder,  which  is  water-jacketed.  The  air-receivers  are  made  in 
two  halves,  with  flange  joint  turned  and  faced  and  secured  by  strong 
bolts  and  nuts. 

Accumulator. — The  accumulator  stands  in  one  corner  of  the 
engine  house.  It  has  a  7-iuch  ram,  steel  cylinder,  guides  and 
attachments,  and  automatic  gear  for  controlling  the  throttle- valves, 
and  is  actuated  by  two  hydraulic  duplicate  pumps  of  9  inches 
diameter  and  10  inches  stroke. 

Liming. — There  are  six  combined  liming  and  lime-grinding 
machines,  and  one  milk-of-lime  agitator  consisting  of  a  cast-iron 
trough,  in  which  revolves  a  central  shaft  having  cast-iron  stirrers, 
gun-metal  bearings,  and  fast  and  loose  driving  pulleys.  Six 
elevators  of  the  ordinary  kind  suj)ply  lime  to  these  machines,  by 
lifting  it  from  the  pits  in  the  floor  of  the  lime  house.     The  agitator 
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at  A  in  the  inlet  sewage-channel,  Plate  100,  is  worked  by  a  vertical 
engine  with  cylinder  6  inches  diameter  and  6^  inches  stroke,  fixed 
on  rolled  joists  in  the  effluent  well  F,  driving  the  horizontal  shaft  of 
the  agitator  through  bevel  wheels.  The  lime  is  at  present  being 
admitted  into  the  inlet  channel  immediately  in  front  of  the  agitator, 
whilst  the  aluminoferric  is  supplied  lower  down  the  same  channel. 
Provision  has  been  made  for  an  additional  agitator  should  it  be 
found  necessary. 

Communication  has  been  obtained  with  the  Ship  Canal  by  means 
of  a  road  and  tramway,  so  that  supplies  of  coal  and  chemicals  may 
be  delivered  at  the  Corporation  Wharf  on  the  banks  of  the  canal. 
Provision  has  also  been  made  for  hauling  up  trucks  of  lime  to  the 
high-level  floor  by  a  rope  tramway. 

7.  Electric  Lighting. — The  installation  includes  a  vertical  engine 
with  13-inch  cylinder  and  16  inches  stroke  to  run  at  130  revolutions 
per  minute  with  a  pressure  of  80  lbs.  per  square  inch,  the  steam 
being  supplied  from  the  general  service  boilers.  Also  a  set  of 
56  storage  batteries  capable  of  running  with  lamps  of  16  candle- 
power  a  maximum  of  420  lamp-hours.  The  dynamo  is  driven  at  a 
speed  of  700  revolutions  by  a  10-inch  flexible  centre  belt  direct 
from  the  engine  fly-wheel,  which  is  5^  feet  diameter  and  11^  inches 
wide  on  the  face ;  it  is  of  the  inverted-magnet  type,  compound- 
wound,  and  has  a  capacity  for  working  a  220-ampere  load  at  100 
volts  when  on  the  lamp  circuits.  "When  charging  accumulators  a 
plug  switch  is  inserted  in  the  series  portion  of  the  compound  winding, 
which  cuts  that  part  out  of  action.  For  charging  the  accumulators 
in  series  the  speed  of  the  dynamo  would  require  to  be  nearly  1,000 
revolutions  per  minute,  with  a  corresponding  increase  in  speed  of 
engine.  As  this  however  would  materially  increase  the  wear  and 
tear,  the  batteries  by  means  of  suitable  switches  are  arranged  in  two 
sets  of  28  each  when  charging.  By  this  means  the  speed  is  reduced 
to  about  600  revolutions  per  minute,  thereby  effecting  also  a  saving 
of  steam.  Although  storage  batteries  usefully  yield  only  about 
70  per  cent,  of  the  energy  given  to  them  by  the  dynamo,  they  are 
extremely  economical  and  handy.     If  a  small  number  of  lamps  only 
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are  requirc-d,  it  would  be  wasteful  to  run  tlie  engine  ;  besides  wLicb, 
time  would  be  occupied  in  oiling  and  beating  up,  and  there  would 
be  loss  by  condensation.  From  the  accumulators  the  lamps  can  be 
started  or  stopped  instantly  without  any  further  attention.  As  the 
insulated  cables  spread  for  hundreds  of  yards  in  every  direction 
about  the  premises,  the  stored  energy  could  be  applied  on  an 
emergency  to  portable  machines  for  pumping,  drilling,  hauling,  etc. 
The  number  of  lamps  at  present  in  use  is  134,  as  follows : — 
14  arcs  of  1,200  candle-power  for  outside  use  ;  12  arcs  of  500 
candle-power  for  inside  use;  88  incandescent  lamps  of  16  candle- 
power  for  inside  use  ;  8  incandescent  lamps  of  50  candle-power 
on  the  approach  road ;  and  12  incandescent  lamps  of  32  candle- 
power  in  the  subway.  These  are  divided  on  the  switchboard  into 
six  main  circuits,  but  there  are  also  local  switches  for  every  one  or 
two  lamps,  except  on  the  approach  road  where  all  the  lamps  are 
controlled  by  one  switch.  An  illustration  occurs  here  of  the 
economy  of  electric  lighting  as  compared  with  gas.  To  light  and 
extinguish  gas  would  occupy  a  man  at  least  an  hour  every  day ; 
whilst  the  engine-man  can  turn  the  electric  lamps  on  and  off  in  an 
instant  without  leaving  his  post.  The  electric  lamps  also  req[uire 
less  cleaning,  as  there  is  no  smoke  or  soot,  and  the  insides  of  lanterns 
are  sealed  from  atmospheric  dust. 


Discussion. 


Mr.  Charles  Hopkinsox  believed  the  attention  of  the  Corporation 
of  Manchester  had  been  called  to  the  subject  of  floods  as  early  as 
1860  or  1861 ;  and  by  1872  a  large  amount  of  money  had  been 
spent  in  making  river  walls  along  the  course  of  the  Medlock.  The 
most  serious  river  flood  that  had  occurred  in  Manchester  was  the 
flood  of  1866  on  the  Irwell ;  and  he  well  remembered  it  was  that 
flood  more  than  any  other,  more  even  than  that  of  1872,  which  had 
stimulated  action  with  regard  to  the  rivers. 
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(Mr.  Charles  Hopkinsou.) 

After  the  sludge  cake  had  been  formed  in  the  presses,  he  enquired 
how  it  was  dealt  with ;  and  whether  it  was  of  such  a  nature  as  to 
induce  farmers  to  take  it,  or  whether  it  was  disposed  of  by  being 
burnt  or  carried  out  to  sea. 

With  an  unlimited  quantity  available  of  condensing  water,  however 
dirty,  he  asked  why  the  engines  had  not  been  made  condensing  ;  and 
further  why  the  electric  accumulators  were  not  yielding  an  efficiency 
more  than  70  per  cent.,  when  there  were  various  makers  of  storage 
batteries  who  would  undertake  to  give  a  higher  efficiency  under 
reasonable  conditions  of  working. 

Mr.  W.  Santo  Crimp  said  it  should  not  bo  taken  for  granted  that 
the  conditions  under  which  in  London  provision  had  been  made  for 
rainfall  (page  383)  were  applicable  there  today.  If  the  London 
drainage  had  to  be  done  over  again  with  the  information  now 
available,  he  was  sure  it  would  not  be  carried  out  in  the  same  way. 
It  was  not  sufficient  to  deal  with  the  rainfall  as  though  it  were 
distributed  over  twenty-four  hours  ;  the  rain  fell  at  a  much  more  rapid 
rate.  During  twenty-four  hours  it  was  said  to  average  0-01  inch  per 
hour ;  but  the  average  during  the  time  the  rain  lasted  was  much 
more  like  0  •  06  inch  per  hour. 

Having  regard  to  the  depth  of  from  37  to  45  feet  at  which 
the  main  outfall  sewer  was  laid  below  the  surface  of  the  ground 
(page  384),  he  asked  why  a  circular  section  had  not  been  adopted. 
It  would  not  only  be  better  ia  respect  of  carrying  capacity,  but  it 
would  also  be  stronger. 

Having  had  twelve  years'  experience  of  sewage  farming  and 
sewage  disposal,  he  thought  the  population  of  2,500  per  acre 
(page  390)  was  exceedingly  high,  having  regard  to  the  nature  of 
the  soil  (page  389)  :  though  he  had  not  seen  the  land  that  was  used 
for  filtration  in  the  present  instance.  On  so  small  a  filtering 
area  in  proportion  to  the  population  he  was  rather  surprised  to 
learn  that  Manchester  was  successfully  dealing  with  the  sewage, 
even  after  it  had  been  chemically  treated ;  no  doubt  there  was  a  good 
deal  more  yet  to  be  known  with  regard  to  the  filtration  of  sewage. 
Having  been  applied  to  by  the  Corporation  of  the  adjoining  borough, 
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he  expected  j&ltration  on  a  large  experimental  scale  would  be  in 
operation  for  Salford  long  before  Manchester  would  have  to 
consider  the  subject  further.  As  to  sludge  disposal  no  doubt  a 
good  deal  of  valuable  experience  would  be  gained ;  and  in  due 
time  the  Corporation  would  be  themselves  the  best  judges  of 
that  matter. 

Mr.  Hugh  S.  Dunn  asked  if  any  experiments  had  been  made  to 
test  the  manurial  value  of  the  sludge  cake.  It  would  be  of  immense 
importance  to  the  country  if  a  process  could  be  discovered  whereby 
the  fertilizing  value  of  the  sewage  could  be  retained  in  the  sludge  in 
a  soluble  condition ;  this  would  make  all  the  difference  between  a 
paying  and  a  non-paying  concern  in  many  localities. 

Mr.  James  B.  Alliott,  as  the  maker  of  the  sludge  presses  erected 
at  Davyhulme,  said  that  they  comprised  some  arrangements  which 
were  novel :  not  perhaps  all  of  them  novel  in  design,  for  several  of 
them  had  actually  been  designed  many  years  ago  ;  but  the  novelty  lay 
in  carrying  them  out  on  any  considerable  scale.  One  point  was  the 
mode  of  closing  the  presses  and  keeping  them  closed  by  hydraulic 
power.  In  ordinary  filter  presses  as  generally  used,  the  closing  of 
the  press,  in  order  to  resist  the  internal  pressure  on  the  sludge 
forced  into  it.  had  usually  been  effected  by  means  of  nuts  tightened 
up  by  hand  ;  and  inasmuch  as  the  pressure  to  be  resisted  was  great, 
considerable  manual  power  had  been  required  for  closing  the  press 
and  making  it  tight.  All  this  work  was  being  done  at  Davyhulme 
by  hydraulic  cylinders,  which  not  only  closed  the  press  but  kept  it 
closed  during  the  pressing  of  the  sludge.  With  the  sludge  actually 
found  at  Davyhulme,  each  of  the  presses  in  regular  work  was  capable 
of  turning  out  about  one  ton  of  cake  per  hour.  The  quantity  of 
lime  used  would  no  doubt  vary  at  different  seasons  of  the  year  and 
according  to  the  districts  from  which  the  sewage  was  coming, 
because  the  area  from  which  the  sludge  had  been  coming  to  these 
works  had  been  to  some  extent  a  changing  area;  but  the  actual 
quantity  of  lime  used  per  million  gallons  of  flow  appeared  thus  far 
to  have  been  about  12  cwts.,  which  he  thought  would  be  found  to 
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(Mr.  James  B.  Alliott.) 

compare  favourably  with  the  use  of  lime  in  many  other  places  where 
sludge  was  being  treated.  The  arrangements  for  keeping  the 
hydraulic  pressure  upon  the  presses  were  made  also  to  control  the 
supply  of  the  sludge  to  them :  so  that  if,  by  the  bursting  of  a 
leather  of  the  accumulator  or  from  any  other  cause,  the  accumulator 
should  come  down  quickly  and  liberate  the  end  of  the  press  before 
notice  had  been  given  in  the  j)ress-house  and  before  the  supply  of 
sludge  had  been  cut  off,  the  supply  would  be  cut  off  automatically 
by  the  falling  of  the  accumulator  itself.  If  that  were  not  the 
case,  when  the  pressure  in  the  hydraulic  main  fell,  every  press  would 
be  opened  out  by  the  pressure  of  the  compressed  air,  and  streams  of 
sludge  would  be  blown  out  in  every  direction. 

Mr.  Gilbert  Lewis  hoped  an  illustration  would  be  added  of  the 
presses  described  in  the  paper,  which  were  of  much  interest  as  a 
mechanical  means  of  dealing  with  sewage  sludge. 

Mr.  Olive  said  he  had  pur^^osely  omitted  mentioning  the  flood 
of  1866,  the  most  severe  flood  on  the  Irwell  (page  397),  because  it 
was  simply  of  local  interest. 

As  to  the  disposal  of  the  sludge  cake,  up  to  the  present  time  the 
farmers  in  the  neighbourhood  had  been  only  too  glad  to  come  and 
take  it  away  almost  as  quickly  as  it  was  made.  There  was  an  old 
river  course,  now  laid  dry  by  the  Ship  Canal,  in  which  the  surplus 
stuff  was  deposited  and  covered  over. 

Non-condensing  engines  had  been  adopted  mainly  from  their 
occupying  less  space  and  having  fewer  parts,  compactness  and 
simplicity  being  considered  of  more  importance  than  economy  of 
fuel.  Moreover  with  condensing  engines  the  cleaning  out  of  the 
condensers  and  trouble  with  the  air-pumj^s  would  have  counterbalanced 
the  economy  in  fuel. 

As  to  efficiency  of  the  electric  accumulators,  the  moderate 
percentage  given  in  the  paper  expressed  what  might  reasonably  be 
looked  for  in  practice ;  and  under  general  conditions  fully  this 
efficiency  would  be  obtained.  Much  higher  figures  of  efficiency  were 
quoted  by  makers. 
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Eegarcling  tlie  rainfall  (page  398),  lie  believed  tlie  rainfall 
admittecl  into  the  sewers  in  London  and  carried  down  to  tlie  work& 
liad  to  reach  an  average  rate  of  about  a  quarter  of  an  inch  in  twenty- 
four  hours  before  the  storm-water  overflows  came  into  operation. 

In  the  oval  section  of  the  main  outfall  sewer  (page  398),  the 
object  had  been  to  get  as  much  carrying  capacity  as  possible  withic 
the  limited  headway  available  under  the  three  railways  which  had  to- 
bo  crossed  (page  384). 

The  sewage  from  a  population  of  2,500  he  agreed  was  a  great 
amount  to  put  upon  an  acre  ;  but  the  conditions  round  Manchester 
were  such  that  it  was  impossible  to  get  sufficient  additional  land  for 
reducing  the  quantity  of  sewage  over  the  filtration  area.  Considering 
the  nature  of  the  stream  into  which  the  effluent  had  to  flow,  namely 
the  Ship  Canal,  he  thought  a  sufficient  degree  of  jiurity  would  be 
attained  to  satisfy  thoroughly  the  conservators  of  the  canal.  As  to- 
the  agricultural  value  of  the  sludge  cake,  no  experiments  had  as 
yet  been  made ;  some  of  it  was  at  present  being  tried  with  barlej' 
and  oats,  and  so  far  the  results  had  been  good.  But  the  sewage 
varied  greatly  in  its  quality ;  sometimes  it  contained  a  quantity  of 
flocculent  organic  light  matter  which  was  exceedingly  difficult  tc 
deal  with  in  the  presses ;  it  was  apt  to  prevent  the  cake  from 
solidifying  in  the  press.  As  the  drawings  of  the  presses  were  in 
the  possession  of  the  makers,  he  had  unfortunately  not  been  able  to 
illustrate  this  portion  of  the  work.* 

The  President  was  sure  the  members  would  join  in  giving 
Mr.  Olive  a  vote  of  thanks  for  his  paper,  which,  although  it  had  been 
discussed  so  briefly,  would  itself  remain  in  the  Proceedings  of  the 
Institution  as  a  permanent  record  of  these  highly  important  works. 
Those  members  who  were  going  to  visit  the  works  tomorrow  would 
be  particularly  glad  to  have  been  thus  prepared  beforehand  for  what 
they  would  there  see  under  the  guidance  of  the  author. 


*  lu  response  to  the  request  made  at  the  meeting,  the  two  photographs  shown 
in  Plates  102  and  103  liave  been  kindly  furnished  by  Mr.  Alliott. 
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EXCURSIONS* 

On  Tuesday  Afteexoox,  31st  July,  after  luncheon  in  the 
refectory  of  the  Owens  College,  two  alternative  visits  were  made. 
One  was  to  the  Corporation  Electric  Light  Station  (page  297),  under 
the  guidance  of  Alderman  Lloyd  Higginbottom  and  Mr.  C.  H. 
Wordingham,  Resident  Engineer  ;  and  afterwards  to  the  Corporation 
Gas  Works  in  Bradford  Road  (page  410),  under  the  guidance  of 
Alderman  Lloyd  Higginbottom  and  Mr.  William  Rodger,  Manager. 

The  other  alternative  visit  was  to  Messrs.  Thomas  Hoyle  and 
Sons'  Calico  Printing  Works,  Messrs.  S.  and  J.  Watts'  Warehouse 
(page  411),  and  the  Printing  Works  of  the  "Manchester  Guardian 
and  Evening  News." 

The  following  Works  in  Manchester,  Salford,  and  the 
neighbourhood  were  opened  to  the  visit  of  the  Members,  as 
also  on  Wednesday  and  Thursday  afternoons.  Descriptions  of 
most  of  these  are  given  in  pages  413-439. 

Sir  Elkanah  Armitage  and  Sons,  Cotton  Spinners,  Pendleton  New  Mills. 

Messrs.  Richard  Hawortli  and  Co.,  Cotton  Spinners,  Ordsal  Mills,  Salford. 

Messrs.  J.  and  N.  Philips  and  Co.,  Warehousemen,  35  Church  Street. 

Messrs.  Beyer,  Peacock  and  Co.,  Locomotive  Works,  Gorton  Foundrj',  Gorton. 

JManchester  Sheffield  and  Lincolnshire  Eailway  Works,  Gorton. 

Messrs.  Chadwick  and  Taylor,  Ordsal  Hall  Paper  Works,  Salford. 

Messrs.  Nasmyth,  Wilson  and  Co.,  Bridgewater  Foundry,  Patricroft. 

Messrs.  William  Delany  and  Co.,  Packing  Warehouse,  Portland  Street. 

Manchester  Crematorium,  Chorlton-cum-Hardy. 

Co-operative  Wholesale  Society,  Balloon  Street. 

Chief  Fire  Brigade  Station,  Jackson's  Row. 

Messrs.  Galloways,  Knott  Mill  Iron  Works,  Chester  Road,  Hulme. 

Messrs.  Rylands  and  Sons,  Merchants  and  Warehousemen,  Market  Street. 

Manchester  Royal  Exchange,  Market  Street. 

Messrs.  Joseph  Adamson  and  Co.,  Boiler  Works,  Hyde. 

Messrs.  Ashton  Brothers  and  Co.,  Cotton  Spinning  Mills,  Hyde. 

*  The  notices  here  given  of  the  various  Works  &c.  visited  in  connection 

with  the  Meeting  were  kindly  supplied  for  the  information  of  the  Members  by 
the  respective  proprietors  or  authorities. 
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Messrs.  F.  ^Y.  Asliton  and  Co.,  Calico  Printing  "Works,  Newton  Bank,  Hyde. 

Messrs.  Tinker,  Slicnton  and  Co.,  Hyde  Boiler  AVorks,  Hyde. 

"  Manchester  Courier,"  22  Cannon  Street. 

Messrs.  Hulse  and  Co.,  Ordsal  Works,  Eegent  Bridge,  Salford. 

Messrs.  Kendall  and  Gent,  Victoria  Tool  Works,  Salford. 

Messrs.  William  Muir  and  Co.,  Britannia  Tool  Works,  Strangeways. 

]\Iessrs.  Smith  and  Coventry,  Tool  Makers,  Gresley  Iron  Works,  Salford. 

Engineering  Laboratory,  The  Owens  College. 

Manchester  Electric  Light  Station,  Dickinson  Street. 

Manchester  Corporation  Gas  Works,  Bradford  Eoad. 

Manchester  Ship  Canal,  Docks,  Locks,  Swing  Bridge,  and  Swing  Aqueduct. 

3Ianchester  Hydraulic  Power  Supply  Station,  Gloucester  Street. 

JIanchester  Main  Drainage  Works,  Davyhulme. 

Salford  Corporation  Gas  Works,  Liverpool  Street,  Salford. 

Salford  Corporation  Sewage  Works,  Weaste. 

Messrs.  Yates  and  Thorn,  Canal  Foundry,  Blackburn. 

Peel  Park  Museum,  Salford. 

Zoological  Gardens,  Belle  Vue. 

Blackpool  Tower. 

Manchester  Corporation  Water  Works,  Thirlmere. 

In  the  evening  the  Members  were  invited  by  the  Right  Honourable 
the  Lord  Mayor,  Sir  Anthony  Marshall,  to  a  Conversazione  in  the 
Town  Hall. 


On  Wednesday  Afternoon,  1st  August,  after  luncheon  in  the 
refectory  of  the  Owens  College,  an  alternative  visit  was  made  on  the 
Manchester  Ship  Canal  from  Pomona  Docks,  in  the  saloon  steamer 
*'  Eagle,"  to  view  Trafford  Eoad  Swing  Bridge,  Mode  Wheel  Locks, 
Barton  Swing  Aqueduct,  and  Salford  Docks,  under  the  guidance  of 
Sir  E.  Leader  Williams,  Engineer,  and  Mr.  Marshall  Stevens, 
General  Manager. 

Another  visit  was  made  to  the  Coriwratiou  Hydraulic  Power 
Supply  Station,  Gloucester  Street  (page  407),  under  the  guidance  of 
Mr.  Frederic  M.  Evanson,  Engineer  and  Manager  ;  to  the  Manchester 
Shipping  Offices  and  Packing  Co.'s  Warehouse,  Lloyd's  House,  Lloyd 
Street  (page  412),  under  the  guidance  of  Mr.  E.  Durden,  Manager  ; 
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and  to  tlie  Chief  Fire  Brigade  Station,  Jackson's  Eow  (page  413), 
where  drill  was  performed,  and  a  nauster  of  the  brigade  summoned 
in  Albert  Square,  under  the  direction  of  Mr.  J.  Lacey  Savage, 
Superintendent. 

In  the  evening  the  Institution  Dinner  was  held  in  the  Grand 
Hotel,  and  was  largely  attended  by  the  Members  and  their  friends. 
The  President  occupied  the  chair ;  and  the  following  Guests  accepted 
the  invitations  sent  to  them,  though  those  marked  with  an  asterisk* 
were  unavoidably  prevented  at  the  last  from  being  present. 

Executive  Committee. — The  Eight  Honourable  the  Lord  Mayor  of 
Manchester,  Sir  Anthony  Marshall,  Chairman  ;  the  Eight  Worshipful 
the  Mayor  of  Salford,  Sir  William  H.  Bailey,  Vice-Chairman ;  and 
Mr.  Charles  Hopkinson,  Honorary  Secretary.  Alderman  Sir  Bosdin 
T.  Leech ;  Alderman  Lloyd  Higginbottom ;  Councillor  S.  B. 
Worthington ;  Mr.  William  Mather,  M.P. ;  Mr.  Joseph  Adamson  ; 
Mr.  Thomas  Ashbury ;  Mr.  John  A.  F.  Aspinall ;  Mr.  James  F.  L. 
Crosland ;  Mr.  Thomas  Daniels ;  Mr.  Benjamin  A.  Dobson*  ; 
Mr.  John  Dodd  ;  Mr.  Wallis  E.  Goulty*  ;  Mr.  John  H.  Hargreaves*  ; 
Dr.  Edward  Hopkinson ;  iMr.  Joseph  W.  Hulse ;  Mr.  Samuel  E. 
Piatt ;  Mr.  John  Eamsbottom ;  Mr.  Henry  Simon*  ;  Sir  E.  Leader 
Williams. 

Authors  of  Papers. — Mr.  J  Henry  Barcroft ;  Mr.  Samuel  Dixon  ; 
Mr.  Charles  J.  Hewitt  ;|Mr.  Wm.  Thomas  Olive. 

Mr.  George  J.  Armytage*,  Chairman,  Lancashire  and  Yorkshire 
Eailway ;  Mr.  John  IK.  Bythell,  Chairman,  Manchester  Ship  Canal ; 
Mr.  H.  Osborne  Harley,  Postmaster ;  Mr.  Thomas  P.  Hewitt, 
Managing  Director,  Lancashire  Watch  Co. ;  Mr.  Henry  W.  Holder, 
Eegistrar,  The  Owens  College ;  Alderman  John  Hopkinson, 
Governor,  The  Owens  College;  Mr.  William  Hunt,  Engineer, 
Lancashire  and  Yorkshire i  Eailway  ;  Professor  Daniel  J.  Leech,  M.D., 
The  Owens  College;  Mr.  G.  E.  Ma  why*,  District  Superintendent, 
London  and  North  Western  Eailway ;  Mr.  S.  Wilmott  Newington ; 
Mr.  Thomas  N.  Eobinson*  ;  Mr.  J.  H.  Stafford,  General  Manager, 
Lancashire  and  Yorkshire  Eailway ;  Alderman  Joseph  Thompson*, 
Chairman  of  Council,  The  Owens  College ;  Mr.  Henry  Webb ;  and 
Mr.  William  B.  Worthington. 
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The  President  was  supported  by  tlie]  following  Officers  of  tlie 
Institution : — Past-Presidents,  Mr.  Charles  Cochrane,  Mr.  Jeremiah 
Head,  and  Mr.  John  Eamsbottom ;  Vice-President,  Mr.  E.  Windsor 
Eichards  ;  Members  of  Council,  Mr.  John  A.  F.  Aspinall,  Mr.  Arthur 
Keen,  Mr.  William  H.  Maw,:Mr.  James  Piatt,  and  Mr.  T.  Hurry 
Eiches. 

After  the  usual  loyal  toasts,  the  President  proposed  "  The 
Corporations  of  Manchester  and  Salford,"  which  was  acknowledged 
by  the  Eight  Honourable  the  Lord  Mayor  of  Manchester,  Sir  Anthony 
Marshall,  and  the  Eight  Worshipful  the  Mayor  of  Salford,  Sir 
William  H.  Bailey.  The  toast  "of  "  The^  Engineering  Industries  of 
the  District,"  proposed  by  Mr.  E.  Windsor  Eichards,  Vice-President, 
was  acknowledged  by  Mr.  Samuel  E.  Piatt.  Mr.  John  Eamsbottom, 
Past-President,  proposed  the  toast  of  "  The  Owens  College,"  which 
was  acknowledged  by  Professor  Daniel! J.  Leech,  M.D.  The  toast 
of  "  The  Executive  Committee,"  proposed  by  Mr.  T.  Hurry  Eiches, 
Member  of  Council,  was  acknowledged  -  by  Mr.  Charles  Hopkinson, 
Honorary  Secretary.  Alderman  John  Hopkinson^proposed  the  final 
toast  of  "  The  President,"  by  whom  it  was  acknowledged. 


On  Thursday,  2nd  August,  three  j  alternative  Excursions  were 
made. 

By  special  train  to  Eoyton  to  visit  the  Lion  Cotton  Spinning 
Mill  (page  440),  under  the  guidance  of  the  Directors,  the  Manager 
Mr.  John  A.  Kershaw,  and  the  officials.  Thence  by  special  train  to 
Mumps  Station,  Oldham,  where  the  Corporation  Electric  Light 
Station  (page  440)  was  visited  under  the  guidance  of  Mr.  S.  Wilmott 
Newington,  Eesident  Engineer.  After  luncheon^-in  the  new  dining- 
room  at  Hartford  New  Works,  by  the  kind  invitation  of  Messrs. 
Piatt  Brothers  and  Co.,  their  Machine-making  Works  were  visited 
under  the  guidance  of  the  Directors  and  staflf  (page  442). 

By  special  train  another  excursion  was  made  to  Bury,  where,  by 
conveyances  on  the  invitation  of  Mr.  Henry  Webb  and  the  local 
Members,  the  Peel  Cotton  Spinning  Mills  (page  445)  were  visited 
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under  his  guidance,  and  also  the  Felt  Hat  Manufactories  of  Messrs. 
Adam  Ashworth  &  Sons  and  Messrs.  Lucas  &  Co.  (page  447).  The 
l)arty  proceeded  to  Eochdale  by  special  train,  to  see,  under  the 
guidance  of  Mr.  Thomas  N.  Robinson,  Director,  the  Wood-Working 
and  Eoller  Flour-Milling  Machinery  Works  (page  448)  of  Messrs. 
Thomas  Eobinson  and  Son,  by  wliose  invitation  the  Members  were 
entertained  at  luncheon  in  the  works. 

Another  excursion  was  made  to  the  Manchester  Main  Drainage 
Works  (page  381)  at  Davyhulme,  near  Urmston,  under  the  guidance 
of  Mr.  Wm.  Thomas  Olive,  Resident  Engineer. 

In  the  evening  a  gala  performance  was  given  at  the  Theatre 
Royal,  Manchester,  on  the  invitation  of  the  local  Members. 


On  Friday,  3rd  August,  three  alternative  Excursions  were  made. 

By  special  traia  to  Bolton,  where  two  parties  were  formed.  One 
visited  the  Fine-Spinning  Cotton  Mill  of  the  North  End  Spinning 
Co.  (page  450),  under  the  guidance  of  Mr.  Herbert  Mather,  Managing- 
Director,  and  Mr.  Hilary  S.  Forrest ;  and  also,  under  the  guidance 
of  Mr.  Benjamin  A.  Dobson,  Member  of  Council,  the  Kay  Street 
Machine  Works  of  Messrs.  Dobson  and  Barlow  (page  451),  on  whose 
invitation  the  Members  were  entertained  at  limcheon  in  the  works. 
The  other  party  visited  the  Soho  Iron  Works  of  Messrs.  Hick, 
Hargreaves  and  Co.  (page  454),  imder  the  guidance  of  Mr.  J.  H. 
Hargreaves ;  and  the  Globe  Iron  Works  of  Messrs.  John  Musgrave 
and  Sons  (page  455),  under  the  guidance  of  Mr.  Walter  M.  Musgrave  ; 
and  on  the  invitation  of  Mr.  J.  H.  Hargreaves  they  were  entertained 
at  luncheon  at  the  Conservative  Club.  In  the  afternoon  both  parties 
proceeded  by  special  train  to  visit  the  Locomotive  Works  of  the 
Lancashii'e  and  Yorkshire  Railway  at  Horwich  (page  456),  under 
the  guidance  of  Mr.  John  A.  F.  Aspinall,  Member  of  Council,  Chief 
Mechanical  Engineer. 

Another  excursion  was  made  by  special  train  to  Crewe,  to  visit 
the  Steel  and  Locomotive  Works  of  the  London  and  North  Western 
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Kailway  (page  458),  under  tlie  guidance  of  Mr.  F.  W.  Webb,  Chief 
Mechanical  Engineer.  On  the  invitation  of  the  Directors  the 
Members  were  entertained  at  luncheon. 

Another  excursion  was  made  to  Prescot,  to  visit  the  works  of  the 
Lancashire  Watch  Co.  (page  461),  under  the  guidance  of  Mr.  Thomas 
P.  Hewitt,  Managing  Director,  and  Mr.  Charles  J.  Hewitt,  Works 
Manager.  On  the  invitation  of  the  Directors,  the  Members  were 
entertained  at  luncheon  at  the  King's  Arms  Hotel. 


MANCHESTEE  COPtPOEATION 
HYDEAULIC  POWEE  SUPPLY,  PUMPING  STATION. 

The  buildings  forming  this  station  are  in  two  blocks,  divided  by 
a  roadway  giving  access  to  the  yard  and  to  the  Eochdale  Canal.  The 
main  building  consists  of  an  engine  house,  boiler  house,  accumulator 
tower,  and  coal  store.  The  office  block  has  a  show  room  for 
hydraulic  appliances  on  the  ground  floor,  with  offices  above 
approached  by  a  staircase  with  a  hydraulic  balance-lift  working  in 
the  well-hole  ;  behind  the  office  is  a  residence  for  the  foreman,  with 
workshop  and  stores. 

The  engines  are  at  present  four  in  number  ;  but  two  additional 
engine  foundations  are  prepared,  and  it  is  possible  that  within 
a  year  the  station  will  be  completely  furnished  with  pumping  plant. 
The  type  adopted  is  the  inverted  triple-expansion  surface-condensing 
pumping-engine,  each  engine  upon  trial  indicating  rather  over 
200  H.P. ;  the  specified  duty  is  the  delivery  of  230  gallons  of  water 
per  minute  against  an  accumulator  pressure  of  1,120  lbs.  per  square 
inch,  with  120  lbs.  per  square  inch  steam-i)ressure,  the  piston  speed 
not  exceeding  240  feet  per  minute.  The  steam  at  120  lbs.  pressure 
is  supplied  by  five  steel  Lancashire  boilers,  each  30  feet  long  by 
7  feet  6  inches  diameter  ;  they  are  furnished  with  Vicars'  mechanical 
stokers,  and  have  two  Green's  economisers  of  3G0  pipes  together. 
The  coal  is  brought  from  the  coal  store  to  the  stoker  hoppers  by 
means  of  a  ladder  elevator  discharging  into  a  worm  conveyor-trough, 
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which  is  carried  along  the  wall  of  the  boiler  house  ;  this  in  turn 
ifeeds  the  conveyor  extending  over  the  boiler  fronts.  Coal  is 
delivered  to  the  station  either  by  barge  or  by  road,  and  is  handled 
oy  a  30-cwt.  hydraulic  travelling-crane.  Three-cylinder  Brotherhood 
hydraulic  engines  are  provided  for  actuating  the  conveyors,  stokers, 
and  economiser-scrapers  in  the  boiler-house,  and  also  for  working 
the  lathe  and  drill  in  the  fitter's  shop.  The  two  accumulators  have 
rams  18  inches  diameter  and  23  feet  stroke,  and  are  loaded  to  give 
a  minimum  pressure  of  1,000  lbs.  per  square  inch  at  the  consumers' 
machinery.  The  station  having  been  opened  in  the  present  year 
is  not  yet  working  to  its  full  capacity.  The  number  however  of 
machines  already  connected,  and  of  others  for  which  contracts  are 
pending,  is  so  large  that  in  a  few  months  the  four  engines  already 
installed  will  be  barely  sufficient  for  the  work  to  be  done.  The 
works  were  designed  by  Mr.  Corbet  Woodall,  and  are  in  charge  of 
Mr.  Frederic  M.  Evanson,  Engineer  and  Manager. 


MANCHESTEE  COEPOEATION  GAS  WOEKS. 

Manchester  has  long  enjoyed  the  reputation  of  being  one  of  the 
"best  lighted  cities  in  the  kingdom,  and  the  present  gas  works  are 
extensive,  important,  costly,  and  the  property  of  the  citizens.  In 
1805  the  first  building  was  lighted  with  gas  in  Salford,  and  in  1807 
the  Police  Commissioners  of  Manchester  affixed  a  public  lamp 
opposite  their  premises  in  Police  Street;  from  that  date  to  this 
Manchester  has  been  prominent  for  the  extent  and  success  of  its  gas 
manufacture.  Manchester  men  have  contributed  largely  to  the 
successful  development  of  gas,  eminent  among  them  being  the 
chemist.  Dr.  Henry,  who  was  early  in  the  field  as  an  analyst ; 
Murdoch  also  secured  here  one  of  his  most  brilliant  successes.  The 
gas  meter  was  partly  originated  and  successfully  completed  in  this 
<5ity  by  Mr.  Clegg ;  and  a  former  officer  of  health  in  Manchester,  the 
late  Mr.  John  Leigh,  did  much  to  develop  the  utilization  of  the 
products  of  tar  for  the  production  of  the  beautiful  colours  now  so 
iamiliar.      IManchester  was  also   the   first   municipal   authority   to 
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obtain  powers  in  1824  for  the  manufacture  and  suj)ply  of  gas  ;  and 
since  that  date  the  work  has  been  increasingly  successful.  While  on 
the  one  hand  the  convenience  of  the  public  has  been  promoted,  on 
the  other  large  contributions  have  been  made  to  the  city  funds,  and 
the  rates  have  been  correspondingly  reduced.  The  gas  works 
were  transferred  to  the  Corporation  on  28th  June  1843  by  the 
Commissioners  of  Police,  who  had  previously  had  charge  of  the 
lighting  of  the  town,  and  who  had  been  instrumental  in  obtaining 
the  gas  act  of  1824,  authorizing  them  to  establish  gas  works. 

The  Corporation  now  possess  four  extensive  gas  stations, 
Gaythorn,  Eochdale  Eoad,  Bradford  Eoad,  and  Droylsden.  At  the 
first  three,  coal  and  cannel  &c.  forwarded  by  the  Manchester  Ship 
Canal  can  be  delivered  by  rail  from  the  docks  ;  at  Droylsden  the 
Ashton  and  Oldham  Canal  runs  alongside,  and  supplies  of  coal  and 
cannel  are  received  thereby  daily. 

Gaythorn  gas  station  stands  on  nearly  nine  acres,  and  has  two 
retort  houses  capable  of  carbonizing  430  tons  of  cannel  and  coal  daily, 
producing  4,250,000  cubic  feet  of  gas.  The  retorts  in  No.  1  house 
with  280  mouthpieces  are  charged  by  hand ;  whilst  those  in  No.  2 
house  with  492  mouthpieces  are  charged  and  drawn  by  Foulis 
and  Woodward's  hydraulic  machinery,  to  which  is  also  adapted 
apparatus  for  breaking  and  conveying  the  coal  and  cannel.  There 
are  seven  gasholders  with  three  lifts  constructed  on  the  telescopic 
principle,  having  a  storage  capacity  of  over  6,000,000  cubic  feet. 
The  number  of  men  employed  varies  from  269  to  409.  These 
works  have  railway  siding  accommodation,  and  arc  in  communication 
with  the  Manchester  Sheffield  &  Lincolnshire  and  London  &  North 
Western  Eailways. 

Eochdale  Eoad  gas  station  stands  on  over  nine  acres,  and  has  four 
retort  houses  capable  of  carbonizing  830  tons  of  cannel  and  coal 
daily,  producing  8,500,000  cubic  feet  of  gas.  House  A  with  252 
mouthpieces  is  worked  with  Foulis'  charging  machines ;  House  B 
with  294  mouthpieces  is  worked  with  Foulis  and  Woodward's 
machines ;  House  C  with  280  mouthpieces  is  worked  mth  West's 
charging  machines ;  and  House  D  with  304  mouthpieces  is  worked 
with  Woodward's  gas  stoking    machines.     The  stack  in   House  D 
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Avas  reconstructed  in  1891  on  the  generator  (cold  air)  principle  ;  and 
the  stack  in  House  B  was  reconstructed  in  1892  on  the  regenerator 
(hot  air)  principle.  There  are  six  gasholders  with  three  lifts, 
constructed  on  the  telescopic  principle,  with  a  storage  capacity  of 
5,000,000  cubic  feet.  Storage  is  provided  for  32,000  tons  of  cannel. 
The  number  of  men  employed  varies  from  410  to  662.  These 
works  have  good  railway  siding  accommodation,  and  are  in  direct 
communication  with  the  Lancashire  and  Yorkshire  Railway. 

Bradford  Eoad  gas  station  comprises  nearly  fifty-two  acres. 
There  are  two  retort  houses  capable  of  carbonizing  830  tons  of  coal 
and  cannel  daily,  producing  8,500,000  cubic  feet  of  gas.  Gas  making 
was  commenced  in  the  first  retort  house  on  16th  December  1884, 
and  in  the  second  house  on  11th  November  1892.  The  retort 
settings  are  constructed  on  the  regenerator  principle.  No.  1  house 
with  488  mouthpieces  is  worked  with  West's  charging  and  drawing 
machinery,  comprising  air  compressor,  air  receivers,  air  pipes  and 
drums,  coal  breakers,  elevators,  and  coal  hoppers.  No.  2  house  with 
464  mouthpieces  is  at  present  worked  by  hand,  but  arrangements  are 
being  carried  out  for  the  use  of  stoking  machinery.  There  are  four 
gasholders  with  three  lifts,  constructed  on  the  telescoi^ic  principle, 
with  a  total  capacity  of  6,800,000  cubic  feet.  A  new  gasholder  tank 
is  being  constructed  by  Mr.  James  Nuttall  of  Manchester,  for  a 
holder  capable  of  containing  7,000,000  cubic  feet  of  gas.  The  holder 
itself  is  being  built  by  Messrs.  Ashmore,  Benson,  Pease  and  Co.,  of 
Stockton-on-Tees;  the  outer  lift  will  be  250  feet  diameter  by  50  feet 
deep,  the  middle  lift  247  feet  diameter  by  50  feet,  the  inner  lift 
244  feet  diameter  by  50  feet.  The  number  of  men  employed  varies 
from  853  to  675.  These  works  have  good  sidings  for  railway 
wagons,  and  are  in  direct  communication  with  the  Lancashire  and 
Yorkshire  Eailway;  and  the  Ashton  and  Oldham  Canal  runs  by 
them. 

Droylsden  gas  station  stands  on  over  four  acres.  The  retort 
house  has  been  reconstructed,  and  now  contains  30  mouthpieces  with 
settings  of  inclined  retorts,  and  is  capable  of  carbonizing  40  tons  of 
coal  and  cannel  daily,  producing  400,000  cubic  feet  of  gas,  A 
new  three-lift  gasholder  on  Gadd  and  Mason's  principle  has  been 
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erected  to  hold.  525,000  cubic  feet  of  gas.  These  works  were 
purchased  from  the  Droylsden  Gas  Co.  in  1869,  and  then  occupied 
just  over  one  acre.  During  the  last  thi-ee  years  more  land  has  been 
purchased,  the  retort  house  has  been  altered  for  the  adoption  of 
inclined  retorts,  new  buildings  have  been  put  u-p  to  accommodate  the 
plant  required,  and  a  new  holder  has  been  erected. 

For  the  distribution  of  the  gas,  the  length  of  main  pipes  laid  is 
705  miles,  and  of  service  pipes  270  miles,  making  a  total  of  975 
miles.     The  number  of  men  employed  is  about  420. 

The  amount  of  gas  made  in  1893  was  considerably  over  3,600 
million  cubic  feet,  and  the  quantity  of  cannel  and  coal  carbonized 
365,235  tons  ;  21^  million  cubic  feet  of  gas  can  be  produced  in 
twenty-four  hours.  The  price  of  gas  to  the  consumer  is  2s.  Qd.  per 
thousand  cubic  feet,  and  the  net  profit  was  £64,793,  the  greater  part 
being  handed  to  the  city  fund,  thus  materially  reducing  the  rates. 
The  largest  daily  consumption  of  gas,  over  22  million  cubic  feet, 
occurred  on  8th  December  1892. 


MESSES.  S.  AND  J.  WATTS  AND  CO.'S  WAREHOUSE. 

The  Warehousing  business  of  this  firm  was  established  in 
Deansgate  in  1796  by  Mr.  John  Watts,  and  was  afterwards 
transferred  to  larger  premises  in  New  Brown  Street,  where  he  was 
joined  by  his  brothers  Samuel  and  James.  After  a  further  removal 
to  yet  larger  premises  in  Fountain  Street,  the  jn'oscnt  warehouse 
was  erected  in  Portland  Street  on  a  site  purchased  in  1855  by  the 
late  Mr.  Samuel  Watts,  and  was  opened  in  1858.  The  building 
covers  an  area  of  3,000  square  yards,  its  length  being  100  yards,  its 
width  30  yards,  and  its  height  100  feet.  The  great  expanse  of  roof 
has  a  series  of  bays  filled  with  ground  glass,  admitting]  an 
abundance  of  light ;  above  it  rise  four  dwarf  towers.  There  are 
five  floors,  which  with  cellar  and  four  towers  give  an  aggregate  area 
of  19,360  square  yards  or  nearly  four  acres.  The  several  lands  of 
goods,  representing  all  branches  of  the  Manchester  trade,  are 
classified  in  thirty-two  departments,  arranged  on  the  successive  floors 
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as  follows : — ground  floor,  hosiery,  linens,  carpets,  flannels,  whites, 
greys,  fustians  ;  first  floor,  merinos,  dresses,  woollens,  ready-mades, 
dyed  goods,  Scotch  and  muslin,  worsteds,  &c. ;  second  floor,  umbrellas, 
trimmings,  fancy  haberdashery,  bags,  satchels,  portmanteaus,  small 
wares,  stays  and  corsets,  waterproof  goods,  table  oil  baizes,  boots  and 
shoes,  gloves ;  third  floor,  ribbons,  bandanas,  silks,  skirts  and 
underclothing,  mantles  and  costumes,  prints,  fancy  flannels  ;  fourth 
floor,  flowers,  millinery,  lace,  sewed  muslins,  furs,  straws.  Each 
department  has  its  own  buyer ;  and  the  assistant  and  working  staff 
make  up  a  total  of  fully  six  hundred  persons. 

Another  warehouse  in  Silver  Street,  formerly  used  for  packing, 
and  rebuilt  a  few  years  ago,  is  a  commodious  structure  of  three 
storeys  and  basement.  It  is  devoted  to  the  ready-made  clothing 
and  shirt  departments,  and  is  equipped  with  the  best  modern 
machinery  and  appliances  for  these  trades,  giving  employment  to 
upwards  of  three  hundred  workpeople. 

The  adjoining  warehouse  in  Chorlton  Street  has  recently  been 
acquired  for  the  hardware  trade ;  and  another  in  Chorlton  Street 
and  Major  Street  for  the  shipping  business. 


MAXCHESTEE  SHIPPING  OFFICES 
AND  PACKING  CO.'S  WAEEHOUSE. 

This  company  was  formed  in  1864  for  the  purpose  of  providing 
offices  and  ware-rooms  for  shipping  merchants,  whose  goods  they 
make  uj),  pack,  and  send  to  the  port  whence  they  are  to  be  shipped. 
The  premises  cover  about  2,600  square  yards,  and  about  45  shipping 
merchants  occupy  rooms  in  the  building.  There  are  fourteen 
hydraulic  presses  with  rams  ranging  from  12  to  20  inches  diameter, 
and  plaiting  machines  are  used  in  the  process  of  making  up  the 
goods.  The  whole  of  the  presses,  passenger-elevators,  hoists,  &c.,  are 
worked  by  hydraulic  power  in  connection  with  intensifiers  and 
accumulators.  The  building  is  lighted  by  the  electric  light 
generated  on  the  premises.  All  classes  of  soft  goods  are  shipped, 
varying  from  canvas  to  silk,  and  are  packed  in  materials  suitable 
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for  their  particular  markets.  Packages  weighing  altogether  upwards 
of  25,000  tons  are  sent  away  annually  to  all  parts  of  the  world ; 
they  vary  in  weight  from  50  lbs.  to  30  cwts.  each.  About  150 
workmen  are  employed. 


MANCHESTER  FIRE   BRIGADE. 

The  force  consists  of  89  men  of  all  ranks,  residing  at  seven 
engine  stations.  There  are  fifteen  hose-cart  escape  stations,  each 
with  a  fireman  on  duty  by  day  and  night,  supplied  with  men  from 
the  engine  stations ;  and  one  hose-cart  escape  station  in  Piccadilly  has 
two  men  by  day  and  two  by  night.  These  stations  are  so  distributed 
that  in  any  place  in  the  city  assistance  in  case  of  fire  can  be  obtained 
within  a  distance  equivalent  to  ten  minutes.  The  whole  of  the 
branch  stations  and  the  subscribers  to  the  telephone  exchange  are 
connected  with  the  chief  station  by  telephone. 

The  plant  consists  of  eight  steamers,  three  hand-worked  engines, 
six  tenders,  twenty-three  hose-cart  escapes,  one  80-feet  and  two 
40-feet  extension  ladders,  13,675  yards  of  hose,  107  stand  pipes,  115 
branch  pipes,  and  27  horses.  The  city  is  well  provided  with  hydrants 
on  the  constant-service  water-mains,  which  afford  a  working  water- 
pressure  varying  from  40  to  100  lbs.  on  the  square  inch. -t  By 
coupling  two  hose  pipes  into  a  single  jet,  very  powerful  deliveries  can 
be  obtained. 


SIR  ELKANAH  ARMITAGE  AND  SONS, 
PENDLETON  NEW  MILLS. 

These  mills  are  situated  at  Pendleton,  near  Manchester,  and  in 
them  are  carried  on  the  processes  of  cotton  spinning,  dyeing,  and 
weaving.  There  are  70,000  spinning  and  doubling  spindles,  and 
1,450  looms.  The  number  of  workpeople  employed  is  about 
2,000. 
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MESSES.  EICHAED  HAWOETH  AXD   CO., 

EGEETOX,  TATTOX,  OEDSAL, 
AND   THEOSTLE    NEST   MILLS,  SALFOED. 

These  cotton  spinning  and  manufacturing  mills  are  situated  on 
the  northern  bank  of  the  Manchester  Ship  Canal  and  opposite  the 
Pomona  docks.  The  Ordsal  dock  adjoins  the  western  end  of  the 
premises,  and  when  this  is  comj)leted  the  mills  will  have  a 
continuous  frontage  to  the  water  of  over  500  yards.  They  are  of 
the  most  modern  construction,  due  regard  having  been  paid  to 
ventilation,  sanitation,  and  lighting ;  automatic  sprinklers  are  fixed 
in  almost  every  part  for  the  speedy  extinction  of  fire.  The  rooms 
and  weaving  sheds  are  lighted  in  winter  by  incandescent  lamps  from 
electricity  generated  on  the  premises.  There  are  upwards  of  100,000 
spindles  and  over  3,000  looms,  with  all  other  necessary  machinery  ; 
and  the  consumption  of  yarn  at  the  present  time  amounts  to  nearly 
100  tons  a  week.  The  number  of  workpeople  employed  is  over 
3,000. 


MESSES.  J.   AND   N.  PHILIPS   AND    CO.'S   WAEEHOUSE. 

This  warehouse  was  established  in  1832  for  wholesale  home  and 
Loreign  business.  The  trade  consists  chiefly  in  supplying  drapers  in 
the  United  Kingdom  with  goods  of  almost  every  description.  The 
number  of  persons  employed  is  about  700. 


CO-OPEEATIYE  WHOLESALE  SOCIETY. 

This  society,  whose  central  offices  are  at  1  Balloon  Street,  is  the 
practical  result  of  numerous  conferences  which  were  held  by  the 
retail  stores,  with  the  object  of  giving  effect  to  the  idea  of  a  wholesale 
agency  for  joint  purchasing.  It  was  registered  under  the  Industrial 
and  Provident  Societies  Act,  1862,  and   commenced  business  14th 
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Marcli  1864.  The  premises  in  Mancliester,  wliicli  cover  considerably 
more  than  an  acre  of  ground,  comj)rise  the  general  offices,  bank, 
board  room,  grocery,  drapery,  boot  and  shoe,  and  furnishing 
departments ;  also  boiler  and  engine  houses  for  generating  the 
requisite  power  to  work  the  numerous  hoists,  and  the  electric  light 
by  which  the  premises  are  lighted  throughout.  With  the  object  of 
buying  from  the  producers  the  society  has  established  six  purchasing 
depots  in  Ireland,  whose  combined  shipments  of  butter  and  eggs 
amounted  in  1893  to  £400,000.  It  has  also  purchasing  deijuts  in 
Hamburg,  Copenhagen,  Aarhuus,  New  York,  and  Montreal;  also 
works  at  Crumpsall,  near  Manchester,  for  the  manufacture  of  biscuits, 
sweets,  jam,  marmalade,  and  dried  goods,  employing  300  hands,  and 
producing  in  1893  goods  to  the  value  of  £84,000.  Shoe  works  are 
established  at  Leicester  and  Heckmondwike,  employing  2,300  hands, 
and  turning  out  1,200,000  j^airs  annually,  valued  at  £287,000.  It  also 
has  soap  works  at  Durham,  a  woollen  mill  at  Batley,  a  clothing 
factory  at  Leeds,  a  flour  mill  at  Dunston-on-Tyne,  and  a  cabinet 
factory  at  Broughton,  near  Manchester.  The  total  capital  employed 
in  productive  works  amounts  to  about  £400,000,  the  value  of  goods 
produced  annually  to  £800,000,  and  employment  is  given  to  3,500 
hands.  Distributive  branches  of  the  society  are  established  in 
Newcastle-on-Tyne  and  London ;  and  sale  rooms  and  depots  are  also 
opened  at  Leeds,  Nottingham,  Blackburn,  Huddersfield,  Birmingham, 
Northampton,  Bristol,  and  Cardiff.  It  owns  a  fleet  of  six  steamers 
trading  between  this  country  and  France  and  Germany.  A  tea, 
coffee,  and  cocoa  department  is  in  operation  in  London,  emjjloying 
over  300  hands  and  turning  out  an  average  of  GO  tons  of  tea  per 
week.  In  1872  the  banking  dejiartment  was  02)ened,  the  turnover  in 
1873  being  £1,581,495  compared  with  £30,000,000  in  1893.  The 
total  number  of  persons  employed  in  1893  was  5,200.  The 
progress  of  the  society  has  on  the  whole  been  rapid  and  continuous. 
The  number  of  members  belonging  to  shareholding  societies  has  risen 
from  24,005  in  1865  to  873,698  in  1893 ;  the  total  capital,  shares, 
loans,  reserve  and  insurance  funds  from  £7,182  to  £1,779,301 ;  sales 
from  £120,754  to  £9,526,167  ;  and  net  profit  from  £1,858  in  1865  to 
£84,156  in  1893. 
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MESSES.  GALLOWAYS,^ 
KNOTT  MILL  IRON  WOEKS. 

These  works,  situated  close  to  the  Knott  Mill  railway  station, 
are  in  a  thickly  inhabited  district  on  the  banks  of  the  Medlock,  and 
are  entii'ely  devoted  to  the  construction  of  steam  engines,  gearing, 
hydraulic  plant  and  general  engineering  work,  mostly  of  a  heavy 
class.  Li  addition  to  this  they  make  all  their  own  fittings  for  the 
large  number  of  boilers  which  are  constructed  at  their  boiler  works 
some  distance  away.  The  works  were  established  in  1834  by 
"William  and  John  Galloway,  whose  sons  were  introduced  in  1856, 
when  the  title  was  changed  to  W.  and  J.  Galloway  and  Sons ;  and 
the  firm  was  converted  into  a  company  in  1889.  There  are  the  usual 
pattern  shops,  a  large  foundry  with  glass  roof,  traversed  by  two 
travelling-cranes  and  provided  with  a  number  of  jib  cranes.  This 
foundry  stands  on  the  site  of  the  previous  boiler  shop  before  its 
removal  in  1871.  There  is  a  smithy,  dealing  with  fairly  heavy 
work,  and  machine  shops  well  provided  with  engineering  tools, 
including  a  cross  planing-machine  for  planing  25  feet  long  by  10  feet 
wide  and  10  feet  high ;  also  a  quadruple-geared  lathe  with  72-inch 
centres  by  50  feet  long  and  with  face  plate  10  feet  3  inches 
diameter.  There  is  also  a  large  erecting  shop  with  travelling  and 
jib  cranes  for  the  final  fitting  up  of  the  work. 

In  connection  with  these  works  there  is  a  small  rolling-mill  plant 
with  heating  furnace  and  steam-hammer  for  cleaning  and  working 
scrap  into  rivet  iron,  as  large  quantities  of  rivets  are  made  both  for 
use  at  the  boiler  works  and  for  sale.  Two  of  their  own  boilers  fired 
in  the  usual  way  are  used  for  providing  steam,  also  one  heated  by 
gas  from  the  forge  furnaces,  and  a  "  Manchester  "  water-tube  boiler 
on  the  plan  which  they  have  lately  introduced.  A  twin  compound 
Galloway  engine  with  instantaneous  cut-off  provides  the  greater 
portion  of  the  power  for  driving  the  machinery  ;  and  there  is  also  a 
triple-expansion  superposed  engine  for  working  with  200  lbs.  steam, 
which  is  the  pressure  adopted  in  connection  with  the  water-tube 
bailer.     The  number  of  men  employed  is  about  400. 


Jci.Y  1804,  417 


MESSRS.  EYLAXDS  AND  SONS'  WAEEHOUSES. 

These  consist  of  four  piles  of  buildings  in  Mancliester,  situated 
in  Market  Street,  New  Higli  Street,  Bread  Street,  and  Joiner  Street, 
They  are  divided  into  forty-two  departments,  comprising  all  classes 
of  textile   goods   for   articles   of   dress   and  for  the  furnishing   of 
houses ;    the   four   together   employ   about    1,200   persons.      Their 
warehouses  in  Wood  Street  and  Philip  Lane,  London,  employ  about 
800.     The  firm  was  established  in  1823;  they  import  almost  every 
variety  of  article,  and  from  almost  all  parts  of  the  world.      Their 
most  extensive  import  is  raw  cotton,  averaging  from  5,000  to  6,000 
tons  per  annum,  of  the  value  of  more  than  £250,000,  most  of  which 
is  spun  and  manufactured  in  their  own  mills.     Their  other  imports 
from  the  continent  amount  to  about  2,000  tons  per  annum.     Selling 
or  turniug  out  some  30,000  tons  of  goods  every  year,  they  find  fully 
two-thirds  of  these  are  for  the  home  markets,  and  the  remainder  for 
•export.     As  general  merchants  and  shippers  of  dry  goods,  and  as 
spinners,  manufacturers,  bleachers,  dyers,  and  colliery  owners,  they 
•employ   more   than    11,600  persons,   of   whom   by  far   the   largest 
proportion  are  operatives  employed  in  their  various  works.     Of  these 
there  are  seventeen,  situated  chiefly  around  Manchester  as  the  centre  ; 
•the  principal  are  the  spinning  and  weaving  mills,  containing  a  total 
of  5,000  looms,  with  all  spinning  and  preparation  of  yarns  for  the 
same.      In  the  Gorton  Mills,  near  Manchester,  are  produced  grey 
dacca  calicoes,  sheetings,  twills,  and  jeanettes ;  there  are  1,550  looms, 
engines  indicating  2,000  horse-power,  and  1,G00  workpeople.     The 
Gidlow    Works,   Wigan,    producing    calico,    employ    about    1,600 
persons,  and  contain  1,600  looms,  with  engines  of  2,000  horsc-powcr. 
The  Swinton  Mills,  near  Manchester,  with  engines  of  300  horse- 
power, 700  looms,  and  600  workpeople,  produce  regattas,  oxfords, 
galateas,   and   special   goods.      The   Heapey   Bleach   Works,    near 
Chorley,  together  with  their  reservoirs,  cover  40  acres;   the  daily 
consumption   of    water  is   over   two   million   gallons,   the   engines 
indicate   2,000   horsc-powcr,  and  600  persons  are  employed  in  the 
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scouring,  bleacliing,  and  dyeing,  of  calicoes,  twills,  and  sheetings,  &c. 
At  Chorley  are  also  works  for  making  floor  oil-cloth  of  all  kinds ; 
these  employ  engines  of  250  horse-power,  and  200  workpeople. 
Other  works  are  in  Manchester  itself,  and  in  Bolton,  Crewe,  and 
London. 


MESSES.  HULSE  AND  CO., 
OEDSAL  WOEKS,  SALFOED. 

These  works  were  established  in  1852  by  the  late  Mr.  J.  S.  Hulse 
on  his  retiring  from  the  firm  of  Messrs.  Joseph  Whitworth  and  Co., 
after  a  connection  of  seventeen  years.  In  1881  the  business 
devolved  on  Mr.  W.  W.  Hulse,  and  has  since  been  greatly  extended, 
having  now  a  floor  area  of  over  8,000  square  yards.  There  are  four 
erecting  shops,  each  jn'ovided  with  25  to  30-ton  overhead  power 
cranes,  specially  designed  by  the  firm  for  workshop  use,  and 
arranged  to  command  almost  the  full  length  and  width  of  each 
shop.  Being  glazed  all  over,  these  shops  are  pretty  nearly  as 
light  inside  as  out  of  doors.  In  addition  to  the  machine  and 
erecting  shops  there  are  galleries  devoted  to  cutter  and  gauge 
making  &c.,  and  other  light  work. 

Some  of  the  largest  and  heaviest  machine-tools  in  existence  have 
emanated  from  these  works,  including  horizontal  and  vertical  planing 
machines  up  to  100  tons  weight ;  twin-screw  lathes  up  to  100  feet 
long  for  turning  marine  cranks,  propeller  shafts,  cannon  &c. ;  heavy 
planing  machines  with  tables  projielled  by  twin-screws  for 
machining  large  armour-plates;  marine  cylinder-boring  machines 
with  self-contained  steam  engines  for  boring  and  facing  cylinders 
up  to  12  feet  diameter ;  large  milling  machines,  both  vertical  and 
horizontal ;  vertical  lathes  up  to  30  feet  diameter.  Special  attention 
has  of  late  been  devoted  to  machines  for  marine,  locomotive,  and 
stationary  boiler-work,  such  as  machines  for  turning  the  ends  of 
Lancashire  and  other  similar  boilers,  and  boring  the  circular  and 
oval  holes  therein;  multiple-drilling  machines  for  water-tube 
boilers   for   torpedo-boat   destroyers,   and   multiple-spindle   boring, 
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facing,  and  screwing  macliines  for  dealing  with  various  parts  of 
Belleville  boilers.  The  smaller  sizes  of  engineers'  tools  are  also 
made,  such  as  lathes  from  4^^  inches  centres,  planing  machines  from 
18  inches  wide,  shaping  and  slotting  machines  from  4  inches 
stroke  upwards,  small  milling,  drilling,  boring,  and  wheel-cutting 
machines,  &c. 

Recently  an  important  addition  has  been  made  by  the  acquisition 
of  the  adjacent  works  and  business  of  Mr.  Thomas  Gadd,  which 
were  established  in  1847  for  the  design  and  manufacture  of 
machinery  for  calico  printers,  bleachers,  dyers  and  finishers,  and 
of  steam  engines  and  cranes. 


MESSRS.   KENDALL    AND    GENT, 
VICTORIA  WORKS,  SALFORD. 

These  works  for  the  construction  of  machine-tools  are  situated  ou 
the  Salford  side  of  the  River  Irwell,  close  to  Springfield  Bridge. 
The  first  portion  of  the  works  was  built  in  184.9  when  the  firm  was 
established,  the  remainder  having  been  built  as  the  business 
developed.  The  buildings,  which  are  mainly  of  two  storeys,  have 
on  the  ground  floor  planing  shops,  turning,  smiths'  and  erecting 
shops  for  heavy  tools ;  the  first  floors  are  reserved  for  the 
construction  of  light  machines  and  some  parts  of  heavier  machines, 
also  for  general  offices,  drawing  offices,  pattern  shops,  &c.  The 
continuity  of  the  various  processes  to  which  parts  of  machines 
are  subjected  is  carried  out  so  far  as  the  arrangement  of  the 
works  will  allow.  Heavy  castings  are  first  dealt  with  by  a  series 
of  planing  machines  varying  in  length  from  4  feet  to  38  feet, 
and  in  width  from  2  feet  to  7  feet.  They  are  of  the  usual  kind  ; 
but  in  some  of  the  most  recent  the  tables  are  traversed  on  flat 
slides,  in  order  to  diminish  friction  and  to  allow  of  heavier  cutting, 
whilst  the  cutting  and  return  motions  are  driven  by  separate  belts. 
For  planing  the  sides  and  ends  of  heavy  pieces  a  highly  useful  type 
of  side  planing  machine  is  employed,  the  work  being  fixed  on  a  large 
foundation  plate.     The  boring  machines,  which  are  of  the  universal 
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'kind  as  best  a(iaj)ted  for  dealing  with  the  ever-clianging  designs  of 
uiacliine-tools,  are  mounted  on  planed  foundation-plates  in  the 
•erecting  shop  for  heavy  tools.  The  turning  shop  for  heavy  tools 
<3ontains  a  great  variety  of  lathes,  among  which  the  duplex  shaft- 
turning,  the  screw-cutting,  and  the  jDuUey-turning  lathes  are 
particularly  interesting.  Among  the  lighter  lathes  on  the  first  floors 
the  method  of  turning  studs  and  screws  from  the  solid  bar  is  largely 
practised ;  and  among  other  machines  on  these  floors  are  a  number  of 
milling  and  other  machines  for  the  making,  hardening,  and  grinding 
of  milling  cutters  of  all  sizes,  and  also  for  the  grinding  and 
finishing  of  hardened  steel  spindles  and  other  work  where  great 
accuracy  is  required. 

A  prominent  feature  of  the  works  is  the  universal  employment  of 
tool-holders  on  both  heavy  and  light  machines,  so  that  the  workmen 
never  need  to  leave  their  machines  for  the  grinding  of  tools,  as  these 
are  supplied  to  them  in  quantities  ready  ground  to  correct  cutting- 
angles  which  cannot  be  deviated  from.  Another  feature  is  the 
extensive  adoption  of  milling  for  the  finishing  of  work  formerly 
done  on  shaping  and  slotting  machines.  The  number  of  men 
■/smployed  is  about  250. 


MESSRS.  WILLIAM  MUIR  AXD  CO., 
BRITANNIA  WORKS,   STRANGEWAYS. 

The  business  of  this  firm  was  established  by  the  late  Mr. 
"William  Muir  in  1842  ;  the  present  works  were  built  in  1851,  and 
liave  gradually  extended  until  nearly  all  the  available  ground  is 
occupied.  The  trade  carried  on  is  the  manufacture  of  machine- 
tools  for  marine,  general,  and  locomotive  engineers,  boiler  makers, 
gun  and  small-arms  manufacturers.  The  number  of  persons 
employed  is  about  400. 
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MESSES.    SMITH    AND    COVENTEY, 
GEESLEY     lEON     WOEKS,     SALFOED. 

This  firm  commenced  business  in  Chapel  Street,  Salford,  icj 
1859  ;  and  in  1861  the  first  portion  of  the  Gresley  Works  in  Ordsal 
Lane  was  built.  They  were  among  the  first  to  adopt  the  principle, 
now  more  commonly  in  use  among  engineers,  of  building  an  open 
erecting-shop  lighted  from  above,  commanded  by  travelling  cranePi, 
and  having  galleries  and  machine-shops  flanking  and  open  to  it  on 
either  side.  A  further  enlargement  of  the  works  took  place  in  1873j 
and  again  in  1876,  when  the  manufacture  of  twist  drills  was  taken 
up  ;  yet  again  in  1884,  and  in  1890,  when  a  new  boiler-house  was 
built,  with  steel  boiler  having  mechanical  stoking  and  smoke- 
consuming  apparatus,  and  also  an  economiser  and  case-hardening 
furnace.  In  1891  new  machine-shops,  pattern-making  shojis,  and 
stores,  were  constructed ;  no  timber  was  used  in  their  erection,  the 
materials  being  rolled-steel  girders,  brick,  masonry,  and  concrete. 
The  pattern-shop  and  pattern-stores,  besides  being  fire-proof,  aro 
provided  with  Grinnell  sprinklers.  In  making  these  additions,  a  street 
was  closed  up  and  a  portion  of  the  buildings  erected  over  it.  In  these 
premises  a  hydraulic  elevator  is  at  work,  for  carrying  workmen, 
and  loads  up  to  half-a-ton  weight,  up  or  down  from  floor  to  floor,. 
For  connection  with  the  street,  a  Barker's  hoist  is  employed  for 
lifting  up  and  landing,  on  any  of  the  four  floors  or  on  the  roof,  any 
pieces  of  work  not  exceeding  two  tons.  This  new  extension  addo 
one-third  more  floor-capacity  to  the  old  works,  and  provides  space, 
for  the  employment  in  all  of  500  workmen.  In  1893  new  general 
ofiices,  drawing  office,  stores  and  tool-room  were  built,  this  block  of 
buildings  also  being  fire-proof. 

At  these  works  some  of  the  most  advanced  machine-tools  may 
be  seen  in  operation.  Many  milling  machines  of  different  kinds 
have  been  designed  and  manufactured  since  1876,  and  have  been 
found  most  efficient  for  machining  even  the  large  parts  of  stationary 
and  marine  engines,  locomotives  &c.,  and  for  numerous  othe^r 
purposes.     Their  application  to  the  heavy  classes  of  work  has  in 
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most  cases  been  very  efficacious,  and  tlie  milling  of  large  pieces  lias 
been  done  in  England  at  an  earlier  period  than  in  America,  wbere 
milling  bas  usually  been  confined  to  the  production  of  small  articles. 
A  large  number  of  twist  drills  are  manufactured,  the  number  made 
bere  in  1891  being  134,940.  A  severe  test  is  applied  to  each  taper- 
sbank  twist-drill,  by  drilliug  witb  it  through  wrought-iron  or 
wrought-steel  in  a  drilling  machine  having  a  coarse  feed ;  each 
drill  is  required  to  stand  this  test  satisfactorily  before  it  is  allowed 
to  be  sent  out  of  the  works. 

At  the  present  time  some  large  boring  and  turning  mills,  to 
admit  12,  14,  16,  and  18  feet  diameter,  are  in  course  of  manufacture ; 
several  rather  smaller  machines  of  this  class  have  already  been 
constructed.  A  large  cylinder-boring  machine,  which  will  do  four 
operations  at  once,  is  now  approaching  comj)letion.  The  works  are 
also  engaged  in  the  manufacture  of  cylindrical  gauges  as  standards 
of  measure,  which  are  guaranteed  correct  to  l-25,000th  of  an  inch. 
Another  class  of  gauge  for  workshoj)  use  is  also  made ;  these  are 
accurately  got  up  and  tested  not  to  deviate  more  than  l-5,000th  of 
an  inch.  An  ingenious  and  novel  lathe  may  be  seen  at  work, 
turning  hexagonal  and  square  pieces  of  brass,  suitable  for  steam 
and  water  fittings.  The  radial  and  other  drilling  machines  in 
progress,  and  some  at  work,  are  of  improved  design,  adapted  to  save 
time  in  drilling  and  tapping  holes,  and  to  produce  the  most  accurate 
work.  A  double  brass  lathe,  worked  by  one  attendant,  does  the 
boring  out  of  the  internal  taper  part  of  the  barrel  of  a  steam  or 
water  tap,  while  at  the  same  time  its  taper  plug  is  being  turned 
externally  to  exactly  the  same  taper ;  not  only  therefore  is  the 
workmanship  accurate,  but  the  work  is  done  with  great  rapidity. 
Lathes  of  great  delicacy  are  at  work  producing  the  most  accurate 
turning ;  also  highly  finished  grinding  machines,  which  grind  to 
the  accuracy  of  l-40,000th  of  an  inch  :  these  two  kinds  of  machines 
are  working  in  combination  with  each  other.  A  double  sawing 
machine  is  used  for  cutting  off  dies,  chasers,  and  other  cutters  to 
given  lengths  and  to  any  angle.  By  means  of  special  machinery 
bevel  and  mitre  wheels  are  cut  with  absolute  mathematical  accuracy, 
and  many  milling  machines  can  also  cut  spur  wheels  and  junions. 
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Among  the  earliest  inventions  at  these  works  was  a  chasing  lathe, 
which  effected  a  complete  revolution  in  the  system  of  cutting  screw- 
threads.  With  the  old  screw-cutting  lathe,  there  was  no  gauge 
or  stop  to  determine  the  exact  diameters  produced,  and  many 
traverses  of  the  tool  had  t3  be  taken  over  a  bolt  before  it  was 
completed.  But  in  the  chasing  lathe  a  number  of  tools  are  arranged 
concentrically,  and  cut  a  screw  by  one  single  run  over  it,  taking 
twelve  to  fifteen  shavings  off  the  screw  simultaneously,  and  thereby 
increasing  sixfold  the  production  of  chasing.  Originally  these  lathes 
were  all  made  with  centres,  but  latterly  they  are  mostly  provided 
with  hollow  and  ojDen  spindles,  through  which  bars  of  metal  are 
protruded ;  and  by  the  cai)stan-rest  method,  which  was  soon 
afterwards  introduced,  set-screws,  studs,  pins,  Arc,  are  produced  and 
cut  off"  direct  from  the  bar,  thus  saving  the  expensive  item  of 
forging,  centering,  driving  by  carriers,  &c.  Pointing,  ending,  and 
sliding  are  also  done  economically  by  these  lathes.  Other  early 
inventions  were  a  system  of  toolholders  and  cutters  to  take  the 
place  of  forged  tools ;  and  with  this  system  the  whole  of  the 
j)laning,  turning,  shaping,  and  the  greater  j)art  of  the  slotting,  are 
done  here  with  great  advantage,  not  only  in  the  quality  of  work 
produced,  but  also  in  the  rapidity  with  which  it  is  accomplished. 
The  costly  forging  and  constant  re];)airing  of  tools  are  thus  entirely 
done  away  with,  and  each  machine,  which  is  daily  sui)i)lied  with  a 
quantity  of  ready-ground  cutting-tools,  is  enabled  to  be  kept  going 
without  cessation,  except  for  changes  of  work;  great  economy  is 
thereby  effected.  Adjustable  parallel  blocks  for  use  in  many 
machine-tools  are  also  being  manufactured.  The  accurate 
workmanship  in  producing  the  Pearn  lightning  tappers  by  special 
tools  and  ai^pliances  is  worthy  of  notice. 


SALFOKD   COEPOliATION   GAS   WORKS. 
The  Eegent  Eoad  Works  and  the  Liverpool  Street  Works  are 
situated  on  either  side  of  the  London  and  North  Western  Railway 
to   Liverpool,   and   are   connected  by   a   foot-bridge.      They   were 
commenced  in  1858,  and  cover  an  area  of  121  acres. 
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At  tlie  Eegent  Road  Works  there  are  two  retort-lioiiseS; 
containiBg  together  212  through  retorts,  capable  of  carbonizing 
237  tons  of  coal,  and  producing  2,370,000  cubic  feet  of  gas  per  day. 
In  the  larger  of  these  two  houses  the  work  of  charging  and  drawing 
the  retorts  is  effected  by  machines  actuated  by  hydraulic  pressure. 
The  coal  for  use  in  this  house  passes  direct  from  railway  trucks  into 
coal  breakers  underneath,  where  it  is  broken  to  a  convenient  size. 
It  is  then  elevated  and  conveyed  to  the  charging  machines  in  the 
retort  house  by  Woodward's  conveyors,  which  tip  the  coal  into 
hoppers  on  the  charging  machines ;  and  from  these  it  is  fed  into  the 
scoops  which  put  it  into  the  retorts.  The  average  time  taken  by  the 
machines  in  drawing  the  coke  out  of  a  retort  and  putting  in  a  fresh 
charge  of  coal  is  one  minute. 

The  hydraulic  power  is  obtained  by  means  of  a  pair  of  high- 
j)ressure  horizontal  engines,  with  cylinders  12  inches  diameter  by 
15  inches  stroke,  driving  two  double-acting  pumps,  each  pump 
6^  and  4i  inches  diameter.  The  hydraulic  pressure  employed  in 
the  machines  is  175  lbs.  per  square  inch.  The  coalbreakers  and 
conveyors  are  driven  by  two  high-pressure  horizontal  engines,  with 
cylinders  12  inches  diameter  and  18  inches  stroke.  The  machinery 
was  designed  by  Mr.  William  Foulis,  gas  engineer  to  the  corporation 
of  Glasgow,  and  supj^lied  by  Messrs.  Adam  Woodward  and  Sons  of 
Manchester. 

There  are  two  pairs  of  horizontal  reciprocating  gas-exhausters, 
each  pair  capable  of  passing  80,000  cubic  feet  of  gas  per  hour, 
driven  by  high-pressure  steam  engines  with  cylinders  9  inches 
diameter  and  20  inches  stroke.  The  crude  gas  is  first  j^assed 
through  a  condenser,  consisting  of  a  number  of  horizontal  pipes 
10  inches  diameter,  of  which  a  portion  are  exposed  to  the  air,  and 
the  remainder  immersed  in  water.  It  is  here  cooled  to  the 
temperature  of  the  atmosphere,  and  then  passes  through  two 
Livesey  washers,  where  the  tar  is  removed.  From  these  it  is  forced 
through  three  tower-scrubbers  50  feet  high  and  12  feet  diameter, 
to  remove  the  ammonia.  It  then  passes  through  six  purifiers  30  feet 
by  30  feet,  filled  with  lime  and  oxide  of  iron,  where  the  remaining 
impurities  are  taken  out.  From  these  it  goes  through  the  station 
meters  into  the  gasholders. 
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There  are  two  telescopic  gasbolders ;  one  100  feet  diameter, 
with  two  lifts  each  24  feet  high,  having  a  total  capacity  of 
400,000  cubic  feet ;  and  the  other  150  feet  diameter,  with  four 
lifts  each  30  feet  high,  having  a  total  capacity  of  2,000,000  cubic 
feet. 

The  Liverpool  Street  Works  have  two  retort-houses,  the  first 
containing  192  Q  retorts  20  feet  long  by  22  inches  wide  and 
16  inches  high,  heated  by  regenerative  furnaces.  They  carbonize 
264  tons  of  coal,  and  jn-oduce  2,640,000  cubic  feet  of  gas  per  day. 
The  coal  for  these  retorts  is  supplied  in  railway  trucks,  which  are 
lifted  by  two  20-ton  hydraulic  wagon-hoists  on  to  elevated  railways 
over  the  coal  stores.  There  are  two  j)airs  of  double-acting  hydraulic 
pumps,  each  of  the  four  pumjis  being  3}  and  2^  inches  diameter 
and  18  inches  stroke,  driven  by  high-pressure  horizontal  steam- 
engines  with  cylinders  12  inches  diameter  and  18  inches  stroke. 
The  hydraulic  machinery  and  engines  were  manufacti;red  by  Messrs. 
Tannett  Walker  and  Co.  of  Leeds. 

The  other  retort-house  has  just  been  completed.  It  is  designed  to 
contain  four  benches  of  72  retorts  each,  but  at  present  only  one 
bench  is  erected.  These  retorts  are  built  at  an  angle  of  32^,  and 
will  be  charged  Avith  coal  from  the  upper  end  by  gravity.  A 
considerable  saving  in  labour  is  thereby  effected.  The  coal  falls 
from  railway  trucks  into  a  coalbreaker  underground,  and  after  being 
broken  is  lifted  by  an  elevator  into  large  hoppers,  placed  above  the 
retort  bench.  A  smaller  hopper  which  travels  on  rails  in  front  of 
the  retort  bench  conveys  the  coal  from  the  large  hojjper  to  the 
retorts  as  required.  In  emptying  the  retorts,  the  lid  at  the  lower 
end  is  opened,  and  the  coke  slides  out  into  barrows  placed  beneath. 
The  coalbreaker  and  elevator  are  driven  by  a  14-H.P.  Otto  gas 
engine,  with  cylinder  lli^  inches  diameter  by  1  foot  'J  inches  stroke, 
made  by  Messrs.  Crossley  Brothers  of  Manchester.  The  elevators, 
conveyors,  and  coalbreaker  wore  snpjilied  by  West's  Gas 
Improvement  Co.  of  Miles  Platting.  When  fully  equipped  this 
retort-house  will  carbonize  400  tons  of  coal,  and  produce  four 
million  cubic  feet  of  gas  per  day.  There  are  two  pairs  of  rotary 
gas-exhausters   made   by   Messrs.   Laidlaw   and   Sons   of  Glasgow. 
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Eacli  pair  is  driven  by  a  high  -  pressure  steam  -  engine  with 
,  cylinder  16  inches  diameter  by  22  inches  stroke,  and  is  capable 
of  jiassing  200,000  cubic  feet  of  gas  per  hour.  There  is  an  annular 
vertical  atmospheric  condenser,  and  a  vertical  tubular  condenser  for 
cooling  the  gas  by  water.  There  are  two  rotary  washers,  and  four 
tower-scrubbers,  the  latter  12  feet  diameter  and  60  feet  high.  The 
purifiers  are  six  in  number,  24  feet  by  24  feet ;  their  lids  are  lifted 
by  hydraulic  pressure. 

The  ammoniacal  liquor  produced  at  all  the  works  is  converted 
into  sulphate  of  ammonia  by  means  of  a  Feldman  sulphate 
ajiparatus ;  last  year  14,000  tons  of  liquor  were  treated,  and 
1,250  tons  of  sulphate  made. 

The  water  requii-ed  for  cooling  and  washing  the  gas,  working 
the  hydraulic  machinery,  quenching  coke,  &c.,  is  obtained  from  an 
artesian  well,  which  was  sunk  on  the  works  by  Messrs.  Mather  and 
Piatt  of  Salford.  The  well  is  500  feet  deep,  and  varies  from  26i  to 
15  inches  diameter.  The  pump  is  12  inches  diameter  by  36  inches 
stroke,  and  is  driven  through  helical  gearing  by  a  horizontal  steam- 
engine  having  a  single  cylinder  12  inches  diameter  by  16  inches 
stroke.     The  well  yields  about  10,000  gallons  of  water  per  hour. 


SALFOED  COEPOEATION  SEWAGE  WOEKS. 

These  works  occupy  a  site  of  34  acres,  and  treat  an  average  of 
10  million  gallons  of  sewage  per  day,  from  a  population  of  about 
200,000.  About  85  per  cent,  of  the  sewage  is  brought  by  a  low- 
level  intercepting  sewer  of  8  feet  9  inches  diameter  at  the  outlet, 
and  the  remaining  15  per  cent,  comes  by  a  4-feet  high-level  sewer 
and  some  small  sewers.  The  low-level  sewage  is  raised  about 
30  feet  by  pumping  engines,  made  in  1883  by  Messrs.  James  Watt 
and  Co.,  but  recently  improved  materially  under  the  direction  of 
Messrs.  John  Hopkinson  and  Son.  There  are  two  sets  of  almost 
duplicate  engines,  vertical  compound,  with  double-acting  rams,  each 
capable  of  pumj)ing  14  million  gallons  per  day.  The  four  boilers 
and  the  economisers  are  of  the  usual  Lancashire  tj-pe. 
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Tlie  sewage  is  treated  in  twelve  tanks,  having  a  total  capacity  of 
5  million  gallons;  six  of  tlie  tanks  are  generally  receiving  the 
sewage,  while  the  other  six  are  having  the  sludge  removed  from 
them.  The  effluent  from  the  tanks  is  utilized  to  work  turbines 
for  driving  the  mixing  machinery  in  the  lime  house,  the  works 
having  been  arranged  for  the  simple  and  cheap  lime  precipitation 
process. 

During  the  jiast  five  years  extensive  experiments  have  been 
carried  on  at  these  works,  about  twenty-five  processes  of  sewage 
treatment  having  been  carefully  tested,  either  in  small  tanks 
specially  prepared,  or  on  the  whole  flow  of  sewage.  Some 
experiments  are  still  in  progress  at  the  works,  and  some  of  the  tanks 
from  former  experiments  are  used  for  experimental  sewage  filtration 
through  sand  and  cinders,  with  special  means  of  aeration. 

The  sludge  intercepted  from  the  sewage,  and  thus  kept  out  of 
the  Irwell,  amounts  now  to  about  140,000  cubic  yards  ;  at  present  it 
remains  on  the  site,  pending  its  shipment  to  sea  by  a  proposed 
sludge  steamer  like  those  used  by  the  London  County  Council.  A 
complete  scheme  for  alterations  and  additions  to  the  works, 
including  filtration  of  the  sewage  effluent,  has  been  prepared  by 
Mr.  Joseph  Corbett,  Borough  Engineer,  and  is  now  under 
consideration  by  the  River  Conservancy  Committee  of  the  Salford 
Corporation. 


MESSKS.  BEYEE,  PEACOCK  AND  CO., 
GORTON  FOUNDRY. 

These  works  are  situated  alongside  the  Manchester  Sheffield  and 
Lincolnshire  Railway  at  Gorton.  They  were  founded  in  1854,  and 
at  the  present  time  occupy  nearly  22  acres.  The  general  offices  are 
handsome  and  lofty,  and  the  drawing  office  is  exceptionally  capacious, 
well  fitted  and  well  lighted.  Electric  light  is  employed  throughout 
this  department  in  conjunction  with  gas,  both  of  which  can  be  used 
at  once  or  separately.     Electric  light  is  also  used  in  the  pattern- 
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making  sliop  and  the  pattern  stores.  Connected  witli  tlie  di'awing 
oflSce  are  photographic  and  model  rooms,  including  a  tracing-room, 
in  which  girls  are  exclusively  employed.  The  works  are  arranged 
in  three  main  avenues  running  north  and  south,  the  shops  standing 
west  to  east  across  each  avenue,  with  a  large  block  of  buildings  to 
the  south. 

In  the  northern  end  of  the  western  avenue  are  gas-fitting  and 
steel-melting  shops,  and  a  brass  foundry  containing  twelve  furnaces. 
The  next  building  is  the  iron  foundry,  a  lofty  structui'e  in  two  bays, 
each  143  feet  long,  which  is  the  length  of  all  the  buildings  in  this 
avenue.  In  each  bay  there  is  an  overhead  power-traveller  of  10  tons, 
and  in  one  of  them  an  overhead  5-ton  crane  also.  Besides  these 
there  are  various  jib-cranes  ranging  in  power  from  1  to  3  tons, 
worked  by  hydraulic  pressure,  which  command  the  entii'e  area. 
Leading  from  this  department  is  the  tool  shop,  also  in  two  bays. 
This  contains  some  exceptionally  large  and  heavy  tools,  including  a 
planing  machine,  designed  to  take  the  largest  locomotive-frames  that 
are  made.  The  tool  erecting  shop  adjoining  is  in  one  bay,  and  is 
provided  with  a  powerful  25-ton  overhead  travelling  crane.  A  room 
forming  a  wing  to  this  bay  is  set  apart  ,for  keeping  templates  of  all 
kinds ;  and  beyond  it  is  a  house  containing  a  50-ton  Wicksteed 
machine  for  testing  the  materials  used.  The  frame  machine-shop 
consists  of  four  bays,  the  first  two  being  provided  with  machinery  for 
preparing  the  frames  for  the  subsequent  fitting,  which  is  performed  in 
the  other  two.  Among  the  machines  in  this  shop  are  slotting  machines 
fitted  with  three  heads,  and  making  a  12-inch  stroke ;  and  hydraulic 
machines  for  riveting.  Next  is  a  shop  for  locomotive  erection,  in  a 
single  bay  S86  feet  long.  Lifting  power  is  provided  by  one  25-ton 
and  one  40-ton  overhead  traveller,  which  span  the  entire  width  of 
the  section. 

In  the  central  avenue  the  shops  are  163  feet  long ;  and  the 
western  erecting  shop  being  coupled  to  the  central  by  a  length  of 
80  feet,  the  two  powerful  travelling  cranes  are  thus  enabled 
to  serve  the  whole  386  feet  length  of  erecting  shop  commanded 
by  them.  The  floor  of  this  shoj)  is  laid  with  six  different  gauges 
of  railway,    besides    an   18-inch    gauge   line,    which    runs   through 
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Jill  tlic  slioj^s  ami  yards.  The  four  bays  whicli  follow  comprise 
the  machine-shop,  two  being  devoted  mainly  to  wheels,  and 
two  to  cranks  clc.  The  travelling  and  jib  cranes  are  driven  by 
ropes.  All  the  wheels  and  crank-pins  are  forced  on  by  hydraulic 
power.  The  cylinder  shops  in  two  bays  are  succeeded  by  an  erecting 
shop  for  tramway  engines,  and  the  latter  by  shops  for  wheel  cutting 
and  grinding. 

The  pattern-making  shop  and  pattern  stores  at  the  northern  end 
of  the  eastern  avenue  are  on  two  floors,  and  are  lighted  by  electricity 
from  the  adjoining  electric-lighting  house.  The  bays  in  the  eastern 
avenue  are  all  123  feet  long,  and  the  twelve  following  the  pattern 
dc2)artment  are  occupied  with  the  general  smithy  aud  boiler  erecting 
and  machine  shops,  in  which  hydraulic  riveters  are  extensively  used, 
and  most  of  the  flanging  is  also  done  by  hydraulic  j)ower. 

The  southern  block  of  buildings  comprises  an  extensive  forge, 
wheel-making  and  case-hardening  shops,  in  three  bays  164  feet 
long.  In  the  wheel-making  shop  there  are  nine  steam-hammers, 
ranging  up  to  6  tons.  The  west  section  of  the  southern  block, 
comprising  three  bays,  is  given  up  to  the  fitting  and  erection  of 
tenders,  tanks,  &c. ;  here  hydraulic  and  steam  riveters  are  almost 
exclusively  used.  Two  separate  buildings  about  270  feet  long, 
provided  with  an  overhead  traveller,  are  used  for  painting,  packing, 
stores,  &c. 

In  addition  to  locomotives,  all  kinds  of  tools  required  by 
locomotive  and  ordnance  builders  are  manufactured  here.  Amongst 
the!  locomotives  designed  and  constructed  by  the  firm  may  be 
mentioned  the  large  engines  for  the  New  South  Wales  Government 
lines  and  the  Mersey  Tunnel  Eailway,  for  both  of  which  unusual 
power  is  required ;  in  the  latter  case  the  gradients  are  from  1  in  27 
to  1  in  30,  up  which  a  load  of  150  tons  has  to  be  hauled.  About 
2,000  men  are  employed  at  the  works,  and  from  150  to  200  engines 
can  be  turned  out  in  a  year. 
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These  works  occupy  about  50  acres,  and  comprise  the  locomotive 
and  carriage  and  wagon  workshops,  together  with  a  large  running 
shed.  Entering  by  way  of  the  Gorton  Station,  the  boiler 
shops  are  first  approached.  They  cover  an  area  of  about  27,350 
sqnsive  feet,  and  in  them  all  the  flanging,  planing,  riveting,  &c.,  are 
done.  The  boiler  erecting  shop  has  a  15-ton  overhead  travelling- 
crane  worked  by  rope  power;  a  large  plate-edge  planing  machine, 
which  will  also  face  smoke-box  tube-plates  and  fire-hole  rings ; 
punching  machines,  &c. ;  and  a  multiple  drilling  machine  specially 
made  for  roof  stays,  with  a  milling  machine  also  arranged  for  the 
same  articles.  The  copper  stays  are  all  chased  in  this  shop. 
Adjacent  thereto  is  the  boiler  mounting  and  tube  shop,  where  all  the 
brass  fittings,  domes,  safety-valves,  &c.,  are  faced  and  studded  on, 
ready  for  testing  previous  to  the  boilers  being  sent  into  the  erecting 
shop.  Under  the  same  roof  as  this  shop  is  the  tender  shop,  where 
tenders  are  built  and  repaired ;  it  has  a  25-ton  overhead  travelling- 
crane,  worked  by  rope  power  from  a  wall  engine.  These  two  shops 
together  comprise  about  30,600  square  feet. 

Outside  the  boiler  shop  are  the  brass  foundry  and  the  forge. 
Here  steam  for  the  steam  hammers  is  generated  by  means  of 
vertical  boilers.  The  smithy,  which  is  close  by,  is  a  circular 
building  with  fires  all  roimd,  and  was  the  original  running  shed. 
Adjoining  the  boiler  shop  is  a  heavy  turning  and  machine  shop, 
which  covers  an  area  of  about  48,200  square  feet,  and  in  which  all 
crank  and  straight  axles  are  turned,  hopped,  slotted,  and  bolted, 
wheels  and  tires  turned,  wheels  pressed  on  to  axles,  frames  slotted, 
di'illed,  and  mounted,  cylinders  bored  and  otherwise  machined, 
connecting-rods,  coupling-rods,  and  all  motion-work  made  and 
repau'ed,  principally  by  milling  machines.  Wrought  and  cast-iron 
horn-blocks  and  brass  axle-boxes  are  here  machined  and  prepared 
for  the  erecting  shop.  Part  of  the  shop  in  which  the  wheels,  tires, 
and  frames  are  dealt  with  is  fitted  with  a  5-ton  and  a  15-ton  overhead 
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travelling-crauc,  worked  by  rope  power  from  wall  engines.  On  each 
side  of  the  turning  shop  is  a  gallery  carried  on  the  same  columns 
as  those  which  suj^iDort  the  roof,  and  on  which  are  girders  for  a 
10-ton  rope-power  crane.  On  this  gallery  all  the  brass- work,  pins, 
bolts,  studs,  and  other  light  articles  are  manufactured.  The  whole 
of  this  shop  is  driven  by  wall  engines ;  this  is  found  to  be 
convenient,  in  case  urgent  repairs  are  necessary  and  only  a  portion 
of  the  shojis  are  required  to  be  worked  for  the  j)urpose.  At  one 
end  of  the  turning  shop  on  the  ground  floor  old  tires  are  taken  off 
and  new  tires  shrunk  on  wheels  by  means  of  a  ring  jet,  through 
which  gas  and  air  pass  for  heating.  At  the  other  end  is  the 
grinding  shop,  which  is  driven  by  a  20-horse-power  gas  engine. 

The  new  erecting  shop  is  480  feet  long  by  250  feet  wide,  made 
up  of  five  spans,  each  50  feet.  Each  bay  contains  three  runs,  and 
two  30-ton  roj)e-driven  cranes.  Line  shafting  passes  through  each 
centre  line  of  columns  for  cylinder  boring,  valve  facing,  and  other 
jiurposes.  The  power  for  driving  the  cranes  &c.  in  this  shop  is 
given  off  from  single-cylinder  engines,  bolted  to  the  columns 
supporting  the  roof.  A  convenient  portion  of  this  shop  is 
partitioned  off  and  divided  to  accommodate  coppersmiths,  tube- 
brazing  furnaces,  spring  smiths,  motion  washing,  joiners,  and 
locomotive  painters.  A  few  yards  distant  is  the  iron  foundi-y  with 
three  cupolas.  Here  the  locomotive  castings,  together  with  the 
chairs,  &c.,  required  for  the  permanent  way,  are  manufactured  ;  and 
in  close  proximity  is  the  permanent-way  shop,  in  which  are 
manufactured  all  points,  crossings,  turntables,  buffer-stops,  water- 
columns,  &c.  In  the  same  block  of  buildings  are  the  drawing  office, 
j)attern  shop,  and  pattern  stores. 

Near  these  buildings  are  the  carriage  and  wagon  building  and 
repairing  shops,  in  which  the  bulk  of  the  carriage  and  wagon  stock 
is  built  and  maintained.  These  shops  are  replete  with  all  necessary 
wheel  and  axle  lathes,  hydraulic  press,  the  most  modern  wood- 
working machinery,  smithy,  &c. 

Near  the  foundry  is  the  principal  running  shed  in  this  district. 
It  has  twenty  roads,  each  capable  of  accommodating  six  largo 
engines   and   tenders,  with   space   between   each   for   cleaning   S:c. 
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These  running  slieds  cover  about  83,700  square  feet,  and  are  fully 
equipped.  Here  is  kept  tlie  breakdown  train,  whicb  consists  of  a 
20-ton  steam  travelling-crane  and  three  tool-vans  fully  equipped, 
ready  for  any  emergency.  In  this  yard  also  is  a  set  of  engine 
balancing  tables,  made  specially  for  the  Liverpool  Exhibition,  by 
means  of  which  the  exact  weight  upon  each  engine  and  tender  wheel 
is  noted  and  registered.  All  engines,  new  or  repaired,  on  coming 
out  of  the  shops  are  brought  over  this  table  and  adjusted,  before 
being  put  into  service.  Adjacent  to  the  running  shed  are 
large  and  commodious  carriage  storage  and  washing  sheds.  At 
Gorton  also,  though  divided  from  the  main  works  by  a  street,  are 
situated  the  canal  and  gas  works,  large  schools  for  the  workmen's 
children,  library  and  reading  room.  The  rolling  stock  comprises 
718  engines,  1,105  carriages,  and  17,166  merchandise  trucks.  The 
chief  locomotive  engineer  is  Mr.  Harry  PoUitt. 


MESSES.    JOSEPH    ADAMSON    AND    CO., 
BOILEE    WOKKS,    HYDE. 

These  works  were  established  in  1874  for  the  construction  of 
high-class  steam-boilers,  by  the  present  proprietor  in  partnershij^ 
with  Mr.  Henry  Booth,  who  retired  in  1887.  They  cover  about 
half  of  a  plot  of  ground  of  about  four  acres,  closely  adjoining  Hyde 
station  on  the  Sheffield  and  Midland  Eailway,  with  which  they  are 
■dii'ectly  connected  by  a  private  siding.  They  have  from  time  to 
time  been  gradually  extended  to  cope  with  increased  trade,  and  with 
the  heavier  weights  called  for  in  boiler  work  during  recent  years. 

In  1883  a  new  step  was  taken  by  the  erection  of  a  special  shop, 
200  feet  long  by  45  feet  span,  to  contain  a  500-ton  hydraulic 
flanging-press  and  its  necessary  dies,  which  latter  by  the  growing 
requirements  of  the  trade  have  already  accumulated  to  the  amount 
of  upwards  of  400  tons.  This  flanging  department  is  engaged,  in 
addition  to  the  special  flanged  work  required  in  the  works,  in 
pressing  and  flanging   plates  sent   in  by  other   boiler-makers.     In 
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connection  with  tlie  press  is  a  hydraulic  accumulator  witli  12-incli 
ram  and  20  feet  stroke,  loaded  with  about  90  tons  of  pig-iron,  and 
supplied  by  a  set  of  quadruple  fly-wheel  steam-pumps,  arranged  to 
stop  and  start  automatically  according  to  the  position  of  the 
accumulator  ram.  This  hydraulic  power  is  also  used  throughout 
the  works  for  actuating  the  riveting  machines,  cranes,  and  also  a 
smaller  press.  The  pumps  are  situated  in  an  engine-house,  built 
close  to  the  boiler-house  ;  and  under  the  same  roof  is  intended  to  be 
placed  a  series  of  engines  and  dynamos  forming  a  central  station  for 
the  distribution  of  power  and  light  throughout  the  works.  The 
beginning  of  this  installation  is  represented  by  a  50-H.P.  Belliss 
high-speed  engine,  directly  coupled  to  a  Siemens  dynamo  running- 
SCO  revolutions,  which  at  present  is  employed  only  in  furnishing  the 
power  for  the  travelling  cranes. 

The  boiler  shoji  proper  consists  of  four  bays,  each  45  feet  span 
and  200  feet  and  upwards  in  length.  One  end  of  each  bay  is 
adjacent  to  the  railway  and  sidings,  while  the  offices,  stores,  &c., 
are  situated  at  the  opposite  end  of  the  shops. 

The  first  bay,  which  may  be  called  the  shell  shop,  contains 
amongst  other  tools  a  plate-edge  planing-machine  capable  of  planing 
plates  up  to  30  feet  long  by  6  feet  wide  on  both  side  and  end 
at  one  setting,  while  by  carrying  the  plate  forward  an  indefinite 
length  can  be  reached.  Also  two  boiler-shell  drilling  machines,  of 
ten  and  eleven  drills  each  respectively,  arranged  to  drill  both  the 
circular  and  longitudinal  seams.  Also  a  powerful  horizontal  turning 
machine,  capable  of  edging  plates  up  to  10  feet  diameter,  and  up  to 
4  feet  deep  if  required,  with  an  additional  boring  head  for  cutting 
out  the  flue-holes,  and  the  oval  holes  for  manholes. 

The  next  bay  is  occupied  princijially  as  a  fitting  shop,  and  is 
equipped  with  a  number  of  eugineers'  tools,  such  as  lathes,  radial 
drills,  slotting,  screwing,  planing,  milling,  and  grinding  machines. 
The  end  next  to  the  railway  is  occupied  by  punching  and  planing 
machines,  and  a  small  set  of  bending  rolls,  all  of  which  are  emi)loycd 
in  preparing  the  flue  plates  for  the  subsequent  operations  in  tlu) 
smithy.  The  opposite  end  of  tlie  bay  is  fitted  up  with  the  necessary 
plant  for  a  pattern  shop. 

2  f . 
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The  third  bay,  which  may  be  called  the  erecting  shop,  is  30  feet 
high  to  underside  of  roof  principals,  and  is  almost  entirely  roofed  in 
with  glass,  like  the  two  previous  bays.  This  shop  is  equipped 
with  three  fixed  riveters,  situated  under  a  brick  riveting  tower 
60  feet  high,  which  on  the  side  next  to  the  shop  is  open  for  the  full 
width  of  45  feet,  the  wall  on  this  side  being  carried  by  a  box 
girder  33  feet  from  the  floor.  There  are  also  portable  riveting 
machines  slung  from  cranes,  one  being  worked  by  compressed  air, 
which  are  chiefly  used  in  riveting  the  ends  and  flues  into  boilers.  In 
this  operation  every  rivet  on  the  front  ends  of  Lancashire  boilers, 
inclusive  of  those  connecting  the  flues  to  the  end  plates,  is  here 
closed  by  machinery  ;  and  throughout  the  work  a  preference  is  given 
to  machine-riveting  on  account  of  its  greater  reliability  than  hand 
work.  In  this  shop  is  also  a  range  of  pipes  from  the  receiver  of  the 
air  compressor,  fitted  with  taps  at  intervals  for  the  attachment  of 
pneumatic  caulking  tools.  There  are  also  two  or  three  rivet-heating 
furnaces,  fired  with  oil  in  place  of  coal,  in  which  the  air  supply  is 
heated  by  the  waste  products  of  combustion. 

The  fourth  bay  is  occupied  by  the  smithy,  at  the  lower  end  of 
which  is  situated  the  plant  specially  designed  for  drilling  and  turning 
the  flanges  and  caulking  strips  for  the  internal  flues  of  the  boilers. 

The  two  bays  in  which  the  heaviest  weights  have  to  be  handled, 
that  is  the  shell  and  erecting  shops,  are  well  equipped  with  power 
travelling  cranes.  There  are  also  in  course  of  construction  in  the 
works  three  travelling  cranes  for  the  shell  shop,  which  are  to  be 
driven  by  electric  motors  ;  and  alterations  with  the  same  view  are  in 
progress  for  two  other  cranes  for  the  erecting  shop,  thus  making  five 
electric  travelling-cranes  in  all  for  the  two  bays.  It  is  considered 
that  the  output  of  a  shop  depends  more  directly  on  the  efi&ciency  of 
its  lifting  appliances  than  upon  the  actual  speed  of  the  machines 
doing  the  work. 

The  whole  of  the  plant  is  arranged  as  far  as  practicable  to 
save  labour  in  handling  the  materials.  The  boiler  shell-plates  for 
instance  are  unloaded  direct  from  the  railway  trucks  in  the  shell 
shop,  and  are  handled  by  overhead  travellers  throughout  all  the 
operations   of  planing,  bending,  drilling,   &c.,    until  the   rings  are 
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finished  ready  to  be  rolled  across  to  tLe  riveting  tower.  After  being 
boisted  up  in  tbe  tower  by  jiower-driven  crabs  for  the  purpose  of 
riveting,  tbey  are  lowered  down  into  tbe  shell  shop,  where  the 
travelling  cranes  again  take  charge  of  them  during  the  various  stages 
the  boiler  has  to  go  through,  before  it  is  completed  for  the  hydraulic 
test.  This  test  takes  j)lace  close  to  the  railway  trucks,  upon  which 
the  boiler  is  then  lifted  for  proceeding  to  its  destination.  In 
ordinary  times  about  200  hands  find  employment  at  these  works. 


MESSES.  ASHTON  BROTHEES  AND  CO., 
CAEE  FIELD  MILLS,  HYDE. 

These  mills  have  been  built  at  various  times  from  the  beginning 
of  the  present  century.  The  older  mills  are  driven  by  compound 
engines  with  steam  at  80  lbs.  pressure,  and  the  new  mills  by  a  pair 
of  compound  engines  of  1,000  horse-power  of  the  Corliss  type,  and 
two  sets  of  triple-expansion  engines,  each  500  horse-power,  all  rope- 
driving,  made  by  Messrs.  Good  fellow,  Hyde.  The  boilers  are  of 
steel,  30  feet  by  8  feet  diameter,  carrying  a  pressure  of  150  lbs.,  and 
made  by  Messrs.  Joseph  Adamson  and  Co.,  Hyde.  The  new  mills 
are  lighted  electrically  by  about  1,000  incandescent  lamps,  put  up  by 
Messrs.  Stanley  and  Davies,  Hyde.  There  are  111,350  spindles 
and  2,302  looms,  employing  1,650  workpeople  ;  the  average 
production  per  week  is  567,000  yards  of  calico,  weighing  about 
130,000  lbs.  or  58  tons. 


MESSES.  F.  W.  ASHTON  x\.ND  CO., 
NEWTON  BANK  PEINT  WOEKS,  HYDE. 

These  works,  situated  on  the  Cheshire  side  of  the  river  Tame, 
were  established  by  Messrs.  Ash  ton  eighty  years  ago ;  since  1857  they 
have  been  worked  by  the  present  proprietors.  The  works  were 
originally  laid  out  for  block  or  hand  printing,  combined  with  five 
priating  mac'aines.    The  styles  pi'oduced  were  then  chiefly  black  and 
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purples,  better  known  as  lilacs.  Under  the  present  proprietors 
extensive  alterations  and  imiirovements  have  been  made  to  meet  the 
demand  for  better-class  goods  and  variety  of  styles.  There  are  now 
thirteen  printing  machines,  hand  printing  having  been  superseded 
some  time  ago  ;  they  range  from  single  colours  to  twelve  colours,  with 
improved  drying  appliances.  As  there  is  now  a  large  trade  in 
"  discharge  "  styles,  extensive  preparations  have  been  made  for  Turkey 
red  and  indigo  blue  dyeing,  with  their  necessary  accompaniments  of 
open  soaping  and  raising  arrangements.  The  bleach  works  which  were 
built  in  1850  are  on  a  scale  equal  to  the  other  portions  of  the  works. 
The  cloth  is  received  in  the  grey,  and  is  completed  on  the  premises, 
including  packing  for  the  market.  The  number  of  workpeople 
employed  is  about  350.  The  management  of  the  works  is  in 
the  hands  of  Mr,  James  Ashton,  eldest  son  of  Mr,  F.  W.  Ashton  ; 
and  the  city  warehouse  at  59  Portland  Street  is  managed  by 
Mr,  T.  Parkinson,  one  of  the  members  of  the  firm. 


MESSES.  NASMYTH,  WILSON  AND  CO., 
BEIDGEWATER  FOUNDEY,  PATEICEOFT. 

These  works  had  their  origin  in  one  of  the  flats  of  an  old  mill  in 
Dale  Street,  Manchester,  where  Mr.  James  Nasmyth,  founder  of  the 
firm,  commenced  business  in  1834  as  a  mechanical  engineer  and 
machine-tool  maker.  Thence  he  removed  in  1836  to  a  timber 
workshop  at  Patricroft,  near  the  Bridgewater  Canal  and  the 
Manchester  and  Liverpool  Eailway,  more  substantial  buildings 
being  afterwards  substituted,  which  form  part  of  the  present  works. 
Shortly  after  the  establishment  of  the  works  at  Patricroft,  the  great 
improvements  made  in  ocean  navigation  called  for  larger  engines,  for 
which  in  consequence  much  larger  forgings  were  wanted.  For 
producing  these  he  invented  the  steam-hammer  in  1839,  and  in  1842 
commenced  making  steam-hammers  of  all  descriptions  and  sizes. 
In  1843  Mr.  Eobert  Wilson  joined  the  firm,  and  introduced  the 
self-acting  motion,  by  which  the  old  form  of  hand  gear  for  working 
the  hammer  was  entirely  dispensed  with. 
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The  smithy  contains  thirty  fires  and  several  steam-hammers,  all 
pieces  of  work  being  blocked  or  stamped  where  possible.  In  the 
forge  the  large  hammer  "  Thor,"  put  up  by  Mr.  Nasmyth  about 
forty  years  ago  for  forging  guns,  is  still  in  use  for  forging 
cranks  and  shafts  up  to  10  tons  weight  and  36  feet  long.  The 
self-acting  motion  originally  fitted  to  this  hammer  has  been 
removed  and  replaced  by  the  simple  circular  balanced  valve 
invented  by  Mr.  Wilson,  by  which  the  hammer  is  worked  -nith  the 
greatest  facility.  The  boiler  shop  is  laid  out  for  modern  boiler 
making ;  all  plates  are  planed  on  the  edges,  holes  drilled  mostly  in 
position,  and  nearly  all  riveting  done  by  hydraulic  machinery.  In 
the  new  part  of  the  moulding  shop  are  four  30-ton  jib  cranes,  so 
arranged  at  equal  distances  from  a  centre  that  each  can  carry  a 
suitable  ladle  for  casting  large  presses  and  hammer  frames ;  here 
Mr.  Nasmyth's  safety  ladle  is  still  working,  nothing  better  having  as 
yet  been  designed.  In  the  heavy  machine  shop  the  machinery  is  being 
replaced  by  modern  tools.  The  shop  is  warmed  by  cast-iron  pipes 
coiled  round  the  columns,  through  which  steam  passes;  these 
pipes  have  been  fixed  here  for  nearly  fifty  years.  In  the  middle 
machine-shop  the  crane  gantries  are  slung  from  the  roof,  for 
allowing  the  shop  cranes  to  travel  well  over  and  clear  of  the  machines 
and  driving  gear ;  a  second  bay  alongside  is  arranged  in  the  same 
manner  with  a  lighter  crane  for  the  lathes.  A  line  of  railway  runs 
all  round  the  works ;  and  a  large  -lO-ton  crane  travels  the  length  of 
the  yard,  and  lifts  heavy  weights,  that  cannot  go  by  rail,  into  barges 
on  the  old  Bridgewater  Canal,  now  taken  over  by  the  Manchester 
Ship  Canal. 

Across  the  yard  is  a  massive  building  of  five  storeys,  each  of 
unusual  height,  reached  by  a  flight  of  stone  steps  running  round 
inside  a  tower  at  the  north-east  corner.  The  two  top  storeys  arc 
filled  with  patterns.  The  second  floor  is  the  pattern  shop,  containing 
many  labour-saving  contrivances  for  woodwork.  The  first  floor  is 
the  light  tool  room,  where  all  brass  work  and  templates  are  made  ; 
it  contains  many  new  tools,  including  copper  stay  and  stud 
machines  of  the  latest  design,  by  Messrs.  Kendall  and  Gent ;  also  a 
wheel-cutting  machine,  made  by  Mr.  Nasmyth  al)out  forty  years  ago 
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for  cutting  iron  or  brass  toothed-wlieels.  The  ground  floor  is  tlie 
general  erecting  sliop,  where  hydraulic  presses  80  feet  high  can  be 
erected,  the  cylinders  going  into  a  well  25  feet  deep  ;  here  also  large 
stationary  engines,  hammers,  cranes,  and  machine-tools  are  fitted  up. 
The  general  work  is  kept  quite  distinct  from  the  locomotive  work, 
which  is  carried  on  in  an  adjoining  shop,  with  its  own  machine- 
shops.  Here  the  first  slot-drill,  invented  by  Mr.  Nasmyth  about 
forty-three  years  ago,  is  still  in  use ;  and  near  it  is  an  old  milling 
machine  made  about  the  same  time,  though  not  now  used,  having 
been  superseded  by  more  modern  tools  on  the  same  principle.  In 
another  small  machine-shop  are  some  of  Mr.  Nasmyth's  original 
shaping  and  slotting  machines,  working  alongside  others  by  Muir, 
Whitworth,  &c.  In  the  offices  are  drawings  of  the  first  locomotives 
made  at  these  works  in  1841.  About  forty  locomotives  are  built  in 
a  year,  all  parts  being  made  to  templates  and  gauges  so  as  to  be 
interchangeable.  In  general  work  about  twenty  hydraulic  presses 
and  engines  are  turned  out  in  a  year,  besides  steam  hammers, 
stationary  engines,  tools,  and  sundries,  making  altogether  a  total  of 
about  3,000  tons  of  finished  work.  The  number  of  men  emj)loyed 
is  over  500. 


MANCHESTEE   CEEMATOEIUM. 

This  crematorium,  of  which  the  Duke  of  Westminster  is  the 
president  and  Mr.  Henry  Simon  of  Manchester  the  chairman,  is 
situated  alongside  the  Manchester  southern  cemetery  on  the  Barlow 
Moor  Bead,  and  is  within  one  mile  of  the  Chorlton-cum-Hardy 
station  on  the  Cheshire  Lines  Eailway.  It  was  built  in  1892,  and 
consists  of  a  hall  or  chapel,  and  a  separate  contiguous  chamber 
containing  the  furnace.  Columbaria  for  the  reception  of  urns  and 
memorial  tablets  are  provided  in  arched  recesses  on  the  inside  and 
outside  of  the  principal  walls  of  the  building.  The  hall  is  about 
50  feet  long  by  25  feet  wide  and  of  proportionate  height.  In  the 
centre  of  the  wall  opposite  to  the  principal  entrance  is  placed  the 
aperture  leading  to  the  furnace,  which  in  the  separate  space  occupies 
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basement  and  ground  floor.  A  vestry  or  record  room,  and  a 
retiring  room,  lavatories,  &c.,  are  situated  at  tlie  back  of  tbe  hall, 
wbicb  is  flanked  on  either  side  by  open  arched  colonnades  raised 
above  the  level  of  the  ground,  protecting  the  columbaria  in  the 
outside  wall.  Dignity  is  given  to  the  main  entrance  to  the  hall  by 
means  of  a  lofty  arched  porch,  from  which  [steps  connect  on  either 
side  to  the  outer  colonnades  and  columbaria.  Draught  is  supplied 
to  the  furnace  by  a  chimney  hidden  in  a  tower,  which  gives  the 
building  the  aj)pearance  of  a  church.  It  is  constructed  throughout 
in  terra  cotta,  and  the  style  of  architecture  resembles  that  of  some 
of  the  oldest  churches  in  Lombardy  and  Venice.  The  general 
arrangement  and  details  of  the  furnace  are  from  the  plans  of 
Mr.  Henry  Simon,  who  personally  superintended  its  erection.  It 
is  so  constructed  that  the  raw  fuel  does  not  come  in  contact  with 
the  body ;  the  coffin  is  noiselessly  introduced  by  invisible  machinery. 
Coke  or  Welsh  anthracite  coal  is  used  for  the  production  of  the 
gas ;  and  the  cremation  is  absolutely  smokeless.  The  time  of 
cremation  of  each  body  is  about  seventy-five  minutes  on  an  average ; 
and  since  the  oj)ening  about  sixty  cremations  have  taken  place. 
The  total  cost  of  the  building  and  furnace  was  about  £7,000. 


MESSES.  YATES  AND  THOM, 

CANAL  FOUNDRY  AND  VICTOEIA  BOILER  WORKS, 

BLACKBURN. 

These  works  were  established  in  1826,  and  at  present  give 
employment  to  about  800  men,  and  cover  about  eight  acres.  They 
produce  steam-boilers,  stationary  engines  on  the  simple,  compound, 
triple  and  quadruple-expansion  principle,  with  Corliss  and  other 
valve-gear,  pumping  engines  for  waterworks,  blowing  engines,  mill 
gearing,  and  general  engineering  work.  The  engines  range  up  to 
10,000  I.H.P.  The  shops  are  well  laid  out  for  dealing  with  work  of 
the  heaviest  class,  and  arc  fitted  with  the  most  modern  machine- 
tools  and  labour-saving  appliances. 
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LION    COTTON    SPINNING    MILL, 
EOYTON,    NEAR    OLDHAM. 

This  mill  is  situated  near  Eoyton  station  on  the  Lancashire  and 
Yorkshire  Eailway,  and  is  one  of  the  best  examples  of  a  modern 
Lancashire  cotton  mill.  It  has  six  storeys,  is  355  feet  long  and 
129  feet  broad,  and  contains  107,000  mule  spindles  with  the 
necessary  carding  and  other  preparation  machinery,  which  have  all 
been  supplied  by  Messrs.  Piatt  Brothers  and  Co.,  Oldham.. 

The  mill  is  driven  by  a  pair  of  high-speed  compound  horizontal 
engines,  capable  of  driving  2,000  I.H.P.  The  high-pressure 
cylinders  are  27  inches  diameter  and  low-pressure  46  inches 
diameter,  all  5  feet  6  inches  stroke,  making  75  revolutions  a  minute. 
The  fly-wheel  is  22  feet  diameter,  grooved  for  forty  cotton  ropes  of 
If  inch  diameter,  giving  a  rope  speed  of  5,175  feet  a  minutel;  the 
driving  is  direct  from  the  fly-wheel  to  the  line  shafts,  which|  in 
the  mule  rooms  make  300  revolutions  a  minute ;  the  present 
indicated  horse-power  is  1,640.  The  whole  of  this  work  with  pipe 
connections  to  the  boilers  was  made  by  Messrs.  Pollit  and  Wigzell, 
Sowerby  Bridge.  There  are  six  boilers,  8  feet  diameter  and  30  feet 
long,  with  110  lbs.  working  pressure,  four  of  which  are  fitted  with 
McPhail  and  Simpson's  dry-steam  generators.  They  are  placed  in  a 
house  alongside  the  engine  house,  with  a  Green's  economiser  behind 
containing  480  i^ipes ;  and  were  made  by  the  Oldham  Boiler  Co. 


OLDHAM  COEPOEATION  ELECTEIC  LIGHT  WOEKS. 

These  works,  which  were  commenced  in  1892,  were  completed 
and  inaugurated  on  15th  March  1894.  The  streets  provided  with  the 
electric  light  are  the  principal  business  streets  in  the  town,  and 
contain  also  the  principal  public  buildings,  the  Town  Hall,  Art 
Gallery,  Public  Library,  &c.  Steam  is  provided  by  two  steel 
Lancashire  boilers,  working  at  a  pressure   of  125  lbs.  per  squaxe 
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inch.  The  furnace  gases  pass  through  an  ordinary  brick  flue  and 
through  a  Green's  economiser  to  a  chimney  of  amjjle  dimensions. 
Coal  can  be  brought  into  the  station  either  from  the  Lancashire  and 
Yorkshire  Railway,  which  adjoins  it,  when  the  siding  is  constructed, 
or  from  the  street.  The  engine  room  adjoins  the  boiler  house.  Four 
dynamos  have  been  provided,  each  driven  dii-ect  by  a  Willans  engine^ 
the  total  horse-power  being  320.  A  switchboard  stands  at  one  end  of 
the  engine  room,  the  space  beside  the  engines  being  utilized  for  stores  ; 
and  at  the  other  end  is  an  engineer's  office  with  lavatories,  &c.  In 
the  space  below  the  office  are  placed  a  condenser  and  air-pump 
worked  by  a  separate  engine  ;  and  between  the  boiler  house  and  the 
railway  there  is  a  reservoir  for  condensing  water.  The  engines  are 
so  arranged  that  they  can  be  worked  either  with  or  without 
condensation.  Above  the  office  is  additional  store  accommodation  ; 
and  above  the  engine  room  is  a  battery  room,  containing  a  battery  of 
59  cells  of  500  ampere-hour  capacity. 

The  station  is  so  designed  and  constructed  that  the  oifices  can  be 
readily  removed  to  its  eastern  end  when  extension  becomes  necessary 
or  desirable.  What  is  at  present  the  eastern  end  of  the  building 
will  then  become  its  centre,  the  future  eastern  end  being  practically 
in  elevation  a  duplicate  of  the  present  building.  The  present 
buildings  however  are  sufficiently  large  for  double  the  power  now 
put  down  in  them. 

The  plant  is  sufficient  for  the  simultaneous  lighting  of  about 
2,500  incandescent  lamps  of  eight  candle-power  each,  ample  reserve 
being  provided  in  case  of  any  machines  requiring  rejiair. 
Experience  derived  from  the  lighting  of  other  towns  shows  that 
2,500  lamps  alight  at  one  time  correspond  with  a  total  of  abomt 
5,000  lamps  actually  erected.  As  the  area  to  be  supplied  is 
small,  and  as  there  are  many  hours  during  which  the  amount  of 
lighting  required  will  be  very  small,  a  low-tension  system  of  the 
simplest  possible  kind  has  been  adopted :  namely  a  two-wire  system 
in  which  the  current  is  distributed  at  105  volts,  but  arranged 
throughout  so  that  it  is  possible  at  any  future  time  to  change  it 
into  a  three-wire  system  with  a  minimum  of  alteration,  and  without 
pulling  up  the  footpaths  or  roadways. 
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The  mains  are  bare  copper  carried  upon  stoneware  insulators  in 
concrete  troughs  or  conduits  under  the  footpaths.  Where  roadways 
are  crossed,  or  where  there  is  not  room  for  a  concrete  conduit,  the 
mains  are  laid  as  insulated  cable,  carried  in  cast-iron  pipes  or 
casings.  The  conduits  are  so  arranged  that  fresh  copper  can  be 
pulled  into  them  mthout  opening  up  the  roads  or  footways  beyond 
lifting  the  covers  of  the  manholes. 

Batteries  are  provided  jDartly  for  a  reserve,  but  mainly  for  the 
pui'pose  of  supplying  current  during  the  hours  of  minimum  demand, 
which  in  Oldham  is  often  a  long  j)eriod.  They  are  charged  by 
the  dynamos  during  the  hours  when  the  latter  have  to  work  for 
supplying  current  to  the  circuit.  By  allowing  them  afterwards  to 
discharge,  the  whole  station  can  be  shut  down  at  night,  and  often  in 
the  morning  also,  so  as  to  economise  expenditure  in  wages  and  fuel. 
It  has  also  been  arranged  that  the  waste  gases  from  the  corporation 
destructor  on  adjoining  ground  can  be  utilized  under  one  of  the 
two  boilers,  thereby  saving  a  certain  amount  of  fuel.  The  works 
were  designed  by  Professor  Alexander  B.  W.  Kennedy,  and  have 
been  carried  out  under  his  direction  ;  they  are  now  in  charge  of  the 
resident  engineer,  Mr.  S.  Wilmott  Newington.  The  architect  of  the 
buildings  was  Mr.  C.  Stanley  Peach,  London. 


MESSES.    PLATT    BROTHERS    AND    CO., 
HARTFORD    IRON    WORKS,    OLDHAM. 

This  firm  was  founded  in  1821  by  Mr.  Henry  Piatt,  who 
previously  had  carried  on  a  small  business  as  a  woollen  carding- 
machine  maker  at  Saddleworth.  Prompted  by  a  desire  to  extend 
his  field  of  operation  he  removed  to  Oldham,  and  here  began  to  make 
machinery  for  the  manufacture  of  cotton.  This  enterprise  succeeded 
so  well  that  he  deemed  it  necessary  to  introduce  further  capital 
into  the  business,  which  he  did  by  entering  into  partnership  with 
Mr.  Elijah  Hibbert,  a  prominent  ironfounder  in  the  town ;  and  the 
firm  then  took  the  title  of  Messrs.  Hibbert  and  Piatt.  Success 
attended  their  efforts   to    such    an   extent   that   in   its   subsequent 
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development  the  firm  lias  now  attained  a  magnitude  far  above  tliat 
of  any  other  textile  machine  works  in  the  world. 

The  works  are  55  acres  in  extent,  exclusive  of  the  collieries,  and 
comin'ise  the  Old  works,  New  works,  Werneth  spindle  works,  wood- 
sawing  mill,  forge  and  brick  works,  which  are  united  by  lines  of 
railway  connected  with  the  Lancashire  and  Yorkshire  Eailway. 
Several  locomotives  are  kept  constantly  at  work  during  the  whole 
day,  conveying  the  trucks  of  raw  material  between  the  stations  and 
the  various  parts  of  the  works,  and  also  taking  out  the  trains  of 
finished  machinery. 

The  Old  Works  are  situated  about  two  miles  from  the  New 
Works,  and  are  quite  independent  in  their  working  operations, 
having  iron  foundry,  smiths'  shops,  special  tool-making  and 
millwrights'  departments,  turning,  planing,  fitting,  and  erecting 
rooms  &c.,  where  all  the  machines  for  ginning  and  for  opening  and 
carding  cotton,  wool,  and  worsted  are  made  and  packed  for 
conveyance  to  the  station. 

The  New  Works  are  the  largest  of  all,  and  have  also  their  own 
steel,  iron  and  brass  foundries,  smiths'  shops,  turning,  planing, 
fitting,  and  erecting  rooms,  as  well  as  special  tool-making  and 
millwrights'  shops,  where  machines  for  combing,  drawing,  preparing, 
spinning  both  by  mules  and  by  ring  frames,  warping,  sizing,  and 
weaving  cotton,  woollen,  worsted,  and  silk  waste,  are  constructed,  and 
delivered  on  trucks  to  the  railway. 

The  Werneth  Spindle  Works  are  in  close  proximity  to  the  New 
Works,  and  all  the  spindles  and  flyers  for  speed  frames,  as  well  as 
the  spindles  for  ring-spinning  frames,  and  for  self-acting  mules, 
twiners,  and  doubling  frames,  are  made  here,  together  with  tin 
rollers  and  copper  cylinders  for  the  various  machines.  File-cutting 
is  also  an  important  branch  of  this  establishment. 

The  saw  mill  and  timber  yard  cover  a  space  of  eight  acres. 
Here  are  numerous  vertical  and  circular  saws  at  work,  reducing  the 
largest  logs  of  wood  to  planks  of  various  widths  and  thicknesses. 
The  machines,  which  are  nearly  all  of  the  firm's  own  make,  arc 
driven  by  a  compound  horizontal  steam-engine  of  400  I.H.P.  The 
timber  yard  is  of  great  [extent,  and  amply  provided  with  lines  of 
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rails  and  travelling-cranes  for  quick  conveyance  of  the  timber  balks 
to  the  saws  or  elsewhere.  In  connection  with  the  saw  mill  there  are 
rooms  in  which  all  the  operations  of  wood  turning,  planing,  and 
joinering  are  carried  on  by  means  of  the  most  improved  appliances. 
There  are  also  steam  drying-stoves  built  on  the  fire-proof  system^ 
where  the  timber  is  dried  before  using ;  as  well  as  large  steers 
for  seasoning  the  timber  planks.  The  saw  mill  and  timber 
yard  are  lighted  by  electricity  by  means  of  sixteen  Brush  electric 
lamps  of  2,000  candle-power  each.  As  much  as  350,000  cubic  feet 
of  timber  can  be  turned  out  of  the  saw  mill  in  the  course  of 
twelve  months.  Adjoining  the  saw  mill  is  the  building  devoted 
to  the  manufacture  of  the  fluted  iron  rollers  required  in  textile 
machinery.  This  building  is  in  shed  form,  about  315  feet  long  bj 
100  feet  wide,  with  a  cellar  under  a  portion  of  it.  In  the  cellar 
the  rollers  are  cut  into  the  required  lengths,  and  thence  are  taken 
into  the  shed  above,  where  they  are  turned  and  fluted  by  means  of 
lathes  and  fluting  machines. 

The  stables,  which  are  two  storeys  high,  are  close  to  the  New 
Works,  and  built  on  the  most  improved  plan.  They  have 
accommodation  for  34  horses,  and  are  independent  of  those  at  the 
Old  Works  and  collieries.  The  new  dining  room,  contiguous  to  the 
stables,  is  intended  for  the  accommodation  of  the  workmen  and  boys 
who  live  out  of  town ;  it  is  200  feet  long  by  60  feet  wide,  and  will 
seat  comfortably  1,200  people ;  and  it  is  amply  provided  with 
lavatories  &c. 

In  the  forge  will  be  seen  many  furnaces,  steam-hammers,  and 
rolling  mills  at  work,  converting  pig  into  wrought-iron  for 
consumption  in  the  various  departments  of  the  works  ;  besides  which 
a  great  quantity  has  also  to  be  purchased. 

In  the  brick  works  is  fixed  an  automatic  brick-making  machine, 
capable  of  turning  out  about  34  bricks  a  minute,  by  what  is  known 
as  the  semi-dry  process,  which  produces  the  smoothest  and  best 
surface  bricks  made  by  the  trade  (Proceedings  1859  page  42)  ;  the 
clay  is  passed  through  air-drying  tubes,  breakers,  pulverisers,  and 
disintegrators,  from  which  it  issues  in  fine  dust ;  and  is  then  pressed 
into  semi-dried  bricks  ready  for  placing  in  the  kilns,  of  which  there 
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are  six,  eacli  cai)able  of  liolcling  about  70,000  bricks.  Fire  bricks 
are  also  made  here  from  material  procured  from  tlie  firm's  ovrn 
mines. 

The  collieries  have  been  acquired  with  a  view  to  secure  an  ample 
vsupply  of  coal  and  coke  of  undoubted  quality  for  the  requirements 
of  the  works.  The  Moston  colliery  is  situated  about  half  way 
between  Oldham  and  Manchester ;  the  seams  yield  an  excellent 
house-fire  coal,  as  well  as  furnace  coal.  The  Tunshill  and  Butterworth 
Hall  collieries  at  Milnrow  and  the  Jubilee  colliery  at  Crompton, 
about  four  miles  from  Oldham,  raise  mountain  mine  coal  of  very  pure 
quality  ;  and  here  smithy  coal,  coke,  and  foundry  coke  are  produced, 
containing  a  minimum  of  sulphur.  The  plant  includes  coal-washing 
apparatus,  108  coke  ovens,  and  coal-crushing  machinery  making  coal 
dust  for  foundry  purposes.  The  Brushes  Clough  Sand  and  Fire-Clay 
Works,  also  situated  in  Crompton,  supply  the  forge  and  foundries 
with  sand  of  various  kinds,  especially  ganister,  which  is  obtained 
here  of  excellent  quality.  About  1,000  men  in  all  are  employed  at 
the  collieries ;  and  the  total  number  of  hands  employed  by  the  firm 
exceeds  10,000. 


PEEL  COTTON  SPINNING  MILLS,  BUEY. 

These  mills  are  among  the  best  examples  of  modern  mills  for 
spinning  American  cotton.  The  machinery,  which  is  of  the  latest 
and  most  improved  kind,  was  supplied  by  Messrs.  Piatt  Brothers  of 
Oldham,  and  the  blowing  rooms  were  fitted  by  Messrs.  Lord 
Brothers  of  Todmorden.  They  have  their  own  railway  sidings,  and 
are  fire-proof  throughout,  fitted  with  automatic  sprinklers,  and 
lighted  by  electricity,  which  is  generated  by  castle  dynamos,  made 
by  Messrs.  J.  H.  Holmes  and  Co.  The  dynamos  are  in  a  separate 
house,  and  are  driven  by  two  vertical  compound  high-speed  non- 
condensing  engines,  each  90  horse-power,  working  at  200  lbs.  pressure. 
In  these  engines  slide-bars  are  dispensed  with;  the  upper  ends  of 
the  links  coupling  the  pistons  to  the  triangular  connecting-rods  are 
provided  with  ball  joints,  and  these  are  adjustable  from  outside  the 
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cylinders ;  they  permit  tlie  pistons  to  revolve,  so  that  all  grooving 
of  the  cylinders,  pistons,  and  trunks  is  avoided. 

Xo.  2  Mill  has  a  quadruple-expansion  vertical  engine,  1,600 
horse-power,  provided  -with  Corliss  valves  thi-oughout.  The  steam 
pressure  is  200  lbs.  per  square  inch,  generated  in  four  Lancashire 
boilers,  28  feet  long  and  8  feet  diameter,  made  of  steel  and  tested 
to  360  lbs.  The  cylinders  are  arranged  in  pairs  on  each  side  of  the 
fly-wheel  or  rope-drum,  the  high-pressure  and  first  intermediate 
cylinders  on  one  side,  and  the  second  intermediate  and  low-pressure 
on  the  other.  The  cross-heads  of  each  pair  are  connected  by  a 
pair  of  links  and  a  triangular  connecting-rod  to  a  single  crank  ; 
the  two  cranks  of  the  engine  are  opposite  to  each  other,  so  that  the 
weights  of  the  two  sets  of  recij)rocating  parts  are  balanced. 
The  action  of  the  triangular  connecting-rod  is  such  that  there  is  no 
dead  centre.  The  cylinders  are  18,  26,  37,  and  54  inches  diameter, 
with  4:h  feet  stroke,  and  80  revolutions  a  minute.  There  are  two  air- 
pumps,  26  inches  diameter  and  15  inches  stroke.  The  rope  drmn  is 
21  feet  diameter,  with  36  grooves  ;  the  diameter  of  the  ropes  is 
iHnch,  and  their  velocity  is  5,280  feet  a  minute  or  60  miles  an  hour. 

Jso.  1  Mill  has  a  side-by-side  compound  engine  of  1,300  horse- 
power, working  at  95  lbs.  pressure  per  square  inch.  The  cylinders 
are  32  and  56  inches  diameter  by  6  feet  stroke.  The  air-pumj)  is 
39  inches  diameter  by  31  inches  stroke.  The  rope  pulley  is  32  feet 
diameter,  and  is  grooved  for  30  ropes  of  1|^  inch  diameter.  The 
hi^h-pressure  cylinder  is  fitted  with  Corliss  valves,  and  the  low- 
pressure  with  slide-valves.  Both  engines  were  made  by  Messrs.  John 
Mus^rave  and  Sons  of  Bolton.  The  process  of  spinning  yarn  from 
the  cotton  as  received  in  the  bale  to  the  finished  cop  will  here  be 
seen.     The  number  of  workpeople  emi^loyed  is  495. 

On  the  occasion  of  the  visit  of  the  Members  some  particulars  of 
the  actual  working  of  the  mills  were  given  by  Mr.  Henry  Webb. 
The  boiler  house  had  originally  been  fitted  up  with  what  were 
believed  to  be  the  best  mechanical  appliances.  Large  cast-iron  bins 
had  been  placed  under  the  railway  siding,  so  that  the  coal  could  be 
dropped  into  them  from  the  wagons.  Through  small  doors  in  the 
bottom  of  the  bins  the  coal  fell  upon  a  wide  belt,  which  conveyed  it 
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to  two  boots  in  the  boiler  house ;  out  of  these  it  was  lifted  by 
elevators,  and  delivered  into  a  long  trough  extending  over  the  front 
ends  of  all  the  boilers.  A  creeper  in  the  trough  conveyed  the  coal 
along  it  into  the  hoppers  placed  over  each  fire-grate.  Mechanical 
stokers  were  fitted  to  each  boiler,  and  also  movable  fire-bars  with  a 
steam  jet  underneath  to  keep  them  cool.  Mechanically  these 
arrangements  were  perfect,  altogether  automatic,  and  it  had  been 
intended  to  convey  the  ashes  back  again  to  the  wagons ;  and  there 
was  little  or  no  smoke.  But  the  whole  plan  was  too  costly,  the  wear 
and  repairs  were  excessive,  while  little  if  anything  was  saved  in 
attendance,  and  the  coal  consumption  was  too  high.  After  a  fair  and 
exhaustive  trial,  all  the  mechanical  appliances  had  now  been  taken 
away  ;  and  hand  firing  had  been  reverted  to,  with  a  large  saving  in 
the  weight  of  coal  used.  With  the  quadruple-expansion  engines  the 
best  week's  work  had  been  a  consumption  of  64^  tons  of  washed 
slack,  costing  Gs.  6d.  per  ton ;  the  engines  indicated  1,380  horse- 
power and  drove  No.  2  mill  containing  100,000  spindles,  half  twist 
and  half  weft.  The  difficulties  with  the  high-pressure  steam  had 
been  in  the  main  range  of  steam  pipes,  in  which  the  flanges  were  too 
weak  ;  but  this  had  since  been  remedied.  During  the  same  week  the 
side-by-side  compound  engine  had  used  64J  tons  of  the  same  coal, 
and  indicated  1,214  horse-power,  driving  No.  1  mill  with  67,000 
spindles,  half  twist  and  half  weft.  In  both  cases  the  coal  used  was 
all  that  came  on  the  ground  during  that  week,  and  included  heating 
the  mill  both  day  and  night.  In  cotton-spinning  mills  it  is  not 
usual  to  measure  the  quantity  of  water  evaporated  ;  what  is  wanted 
to  be  known  by  the  owners  is  how  much  coal  it  takes  to  turn  the 
spindles ;  in  other  words  how  much  coal  for  the  weight  of  yarn  spun. 


MESSES.  ADAM  ASHWORTH  AND  SONS, 

AND  MESSES.  LUCAS  AND  CO., 

FELT  HAT  MANUFACTOEIES,  BUEY. 

These  works  are  engaged  in  the  manufacture  of  wool  felt  hats. 
Up  to  twenty-five  years  ago  all  hats  were  made  by  hand,  and  no 
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change  seems  to  have  taken  place  in  the  manufacture  previous  to 
that  date.  All  the  special  machinery  now  used  is  of  American 
invention,  if  not  of  direct  importation.  The  material  used  is  called 
"  noils,"  which  is  the  fine  short  wool  left  after  the  longer  fibre  has 
been  combed  out.  It  is  carded  into  a  web,  and  wound  on  a  revolving 
cone  so  constructed  that  the  wool  can  be  placed  where  it  is  wanted, 
making  the  hat  thick  or  thin  in  the  crown  or  brim  as  desired, 
varying  from  1^  oz.  to  ^  lb.  This  is  then  put  through  various 
processes  of  felting,  until  it  is  a  suitable  firm  or  solid  felt.  The 
processes  are  called  "  planking,"  and  the  product  a  "  body."  It  is 
then  carbonized  by  acid  and  heat,  to  burn  out  all  vegetable  matter, 
&c. ;  land  stiffened  with  gums,  and  dyed  to  the  colour  required.  The 
next  process  is  "  blocking,"  in  which  after  being  softened  by  steam 
the  body  is  pulled  on  to  a  block  of  approximately  the  required 
shape.  The  "finisher"  puts  it  on  a  block  of  the  exact  shape  and 
size  desired,  and  shaves  and  treats  it  according  to  the  finish  required. 
The  hat  is  next  subjected  to  a  pressure  of  -iOO  lbs.  per  square  inch 
in  a  hot  polished  dish,  which  ensures  the  exact  shape  and  size, 
adding  also  solidity  and  smartness.  The  final  process  of  "  trimming  " 
is  performed  by  girls.  A  collection  will  be  seen  of  various  styles  of 
hats  worn  in  diiferent  countries,  which  are  more  or  less  characteristic 
of  the  people  wearing  them. 


MESSES.  THOMAS  EOBINSON  AND  SOX, 
EAILWAY  WOEKS,  EOCHDALE. 

These  works  are  situated  close  to  the  Lancashire  and  Yorkshire 
Eailway,  and  cover  an  area  of  about  seven  acres,  Plate  104,  employing 
about  1,200  men.  Lying  nearest  to  the  railway  are  the  saw  mill  and 
joinery  works,  where  almost  every  kind  of  wood-work  is  produced 
direct  from  the  log.  The  timber  in  the  log  is  first  sawn  on  a  large 
horizontal  double-saw  frame,  with  two  saws  having  a  horizontal 
reciprocating  motion ;  they  are  driven  at  a  high  speed  from  a 
double-throw  crank,  whose  centres  are  opposite,  so  that  the  motion 
of  the  one  saw  balances  that  of  the  other.      The  saws  cut  in  both 
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directions  of  their  stroke,  so  tliat  the  feed  of  timber  is  continnous. 
Alongside  is  a  vertical  log-saw  frame,  arranged  to  work  with  a 
number  of  saws  at  once  for  sawing  up  small  logs  and  deals.  There 
are  also  various  kinds  of  self-feeding  circular  saws ;  also  planing 
machines,  mortising  and  tenoning  machines,  &c.  In  addition  to 
joinery,  this  department  is  largely  devoted  to  the  manufacture  of 
flour-milling  machinery,  principally  flour-dressing  machines,  such  as 
semolina  purifiers,  sieves,  bran  dusters,  &c.,  which  follow  the  work 
of  the  roller  mills  in  the  conversion  of  grain  into  flour. 

The  machine  works  are  separated  from  the  wood  department  by 
a  street,  across  which  runs  a  branch  line  of  rails  connecting  with  the 
railway.  Adjoining  the  street  are  the  general  offices,  drawing  offices, 
pattern  shop,  and  foundries  for  iron  and  brass  casting.  Parallel  to 
these  buildings  are  large  stores,  the  smithy,  and  the  dressing  shop 
for  castings.  Alongside  the  latter  buildings  runs  a  spacious  yard, 
over  the  whole  length  of  which  works  an  overhead  steam  travelling- 
crane  ;  here  are  stored  the  machine  castings,  previous  to  their 
entry  into  the  fitting  shops,  which  are  on  the  other  side  of  the 
yard.  The  works  are  so  arranged  that  the  raw  material  enters 
by  the  main  line,  and  is  discharged  from  the  wagons  direct  at 
the  foundry  and  smithy,  from  which  during  the  course  of 
manufacture  it  passes  in  direct  circulation  to  the  fitting  shops 
and  packing  department.  The  iron  foundry  is  a  large  building 
317  feet  long  by  94  feet  wide,  built  in  two  bays.  A  line  of 
columns  passes  down  the  centre,  supporting  the  roof  and  crane  road. 
Three  overhead  steam  travelling-cranes  traverse  the  whole  length  of 
the  building,  each  capable  of  lifting  a  load  of  ten  tons.  A  number  of 
machines  are  at  work  here  for  moulding  pulleys  and  wheels  and  from 
plate  patterns.  The  smithy  is  a  similar  building  to  the  foundry,  being 
lofty  and  spacious.  It  is  150  feet  long  by  45  feet  wide,  containing 
fifteen  fires,  and  is  fitted  with  steam-hammers,  forging  machines,  and 
tools  for  special  work  in  cutter  making  and  stamj>ing  forgings.  The 
lower  end  of  the  fitting  shop  is  devoted  to  the  construction  of  wood- 
working machinery,  and  the  upper  end  to  roller  mills  for  flour 
milling  and  to  steam  engines.  The  total  length  of  the  fitting  shop 
is  537  feet,  and  its  width  103  feet.     In  addition  to  many  special 
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turning,  grooving,  and  milling  machines,  there  is  a  balancing 
apparatus,  by  means  of  which  pulleys  and  cutter-blocks  are  accurately 
balanced  for  the  speed  they  are  intended  to  run  at.  An  overhead 
travelling-crane  driven  by  rope  works  over  the  engine  fitting  shop, 
and  is  capable  of  lifting  15  tons.  The  machinery  in  this  department 
is  driven  by  a  horizontal  compound  tandem  engine  of  40  horse-power, 
having  an  ordinary  slide-valve  with  an  arrangement  whereby  the 
cut-off  is  regulated  by  the  governor  according  to  the  load. 


NOETH  END  FINE-SPINNING  COTTON  MILL, 
BOLTON. 

This  mill  containing  80,000  spindles  was  built  and  completed  in 
1890-91,  and  is  an  exceedingly  good  sample  of  a  modern  cotton- 
spinning  mill  suitable  for  producing  Bolton  counts.  It  is  five 
storeys  high,  exclusive  of  basement,  and  is  built  of  pressed  brick, 
and  fire-proof  throughout,  the  floors  being  constructed  of  concrete  and 
wrought-iron  joists,  laid  on  wrought-iron  beams  supported  by  cast- 
iron  pillars.  The  whole  of  the  joists  and  girders  are  of  Belgian 
manufacture.  One  of  the  novel  features  in  the  construction  of  this 
mill  is  the  position  of  the  pillars,  which  are  placed  behind  the  mule 
creels,  out  of  the  way  of  the  machinery  and  workpeople.  The  sanitary 
arrangements  and  ventilation  have  received  special  attention. 

The  engines,  built  by  Messrs.  J.  and  E.  Wood  of  Bolton,  are  of 
the  horizontal  compound  side-by-side  kind,  capable  of  working  up  to 
1,200  I.H.P. ;  they  are  fitted  with  Corliss  valves,  and  are  supplied  by 
four  boilers  of  the  ordinary  Lancashire  type,  working  at  100  lbs. 
pressure,  and  made  by  Messrs.  Hick,  Hargreaves  and  Co.  of  Bolton. 
The  average  amount  of  coal  used  for  all  purposes,  including  heating 
the  mill,  is  under  2^  lbs.  per  I.H.P.  per  hour.  Power  is  transmitted 
from  the  rope  pulley  to  the  second  motion  or  line  shaft  by  means  of 
ropes  of  If  inch  diameter. 

The  whole  of  the  spinning  machinery  has  been  supplied  by 
Messrs.  Dobson  and  Barlow,  and  is  specially  adapted  for  making 
power-loom  yarns  of  extra  high  quality.    The  machines  in  the  card 
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room  on  the  ground  floor  comprise  those  for  cleaning  and  preparing 
the  cotton  for  spinning  in  the  rooms  above.  The  first  two  processes 
in  the  card  room  consist  of  taking  out  the  seed  and  short  fibre,  &c. 
The  remaining  processes  in  this  room  are  for  strengthening  and 
arranging  the  fibre  ready  for  the  spinning  mules.  The  quality  of  the 
article  produced  depends  much  on  this  department,  and  great  care 
has  been  taken  in  the  details  and  arrangement  of  the  machinery. 
The  four  large  spinning  rooms  are  filled  with  self-acting  mules  of  the 
latest  design,  and  are  constructed  so  as  to  obtain  the  maximum  of 
production,  while  the  quality  of  the  material  produced  is  not 
interfered  with.  The  card  room  is  lighted  by  the  electric  light  on 
the  inverted-arc  system,  and  the  basement  and  spinning  rooms  by  the 
ordinary  incandescent  lamp.  The  mill  is  fitted  throughout  with 
Grinnell  sprinklers,  and  with  automatic  fire-alarm  ;  and  stand-pipes 
and  hose  are  placed  in  the  staircase,  which  is  outside  the  main 
building ;  thus  all  means  possible  are  provided  for  preventing 
accident  by  fire. 


MESSES.  DOBSON  AND  BAELOW, 
KAY  STEEET  MACHINE  WOEKS,  BOLTON. 

These  works  are  situated  on  the  north  side  of  the  town  of  Bolton, 
in  what  was  formerly  known  as  Little  Bolton.  They  date  from  the 
year  1830,  and  were  used  in  succession  to  the  old  premises  in 
Blackhorse  Street,  which  had  been  occupied  for  the  manufacture  of 
spinning  machinery  from  1790.  As  a  curious  instance  of  how 
Lancashire  towns  have  grown,  it  was  considered,  when  the  nucleus  of 
the  present  establishment  was  built,  that  it  was  in  an  isolated 
neighbourhood,  and  much  too  large  for  any  possible  requirements. 
Since  then  the  works  have  been  increased  tenfold,  and  are  now  in 
the  midst  of  a  dense  population  extending  for  miles  around. 

The  works  occupy  over  twelve  acres,  and  although  large  additions 
have  been  made  to  the  original  buildings,  by  gi-eat  care  the  modern 
requirements  have  been  maintained ;  and,  with  the  exception  of  the 
style  of  buildings,  no    disadvantage   exists.      In    a  preparing  and 
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spinning-macliine  manufactory  the  variety  of  trades  is  enormous. 
Those  under  direct  supervision  in  this  establishment  number  no  feweir 
than  thirty-two. 

The  entrance  gates  in  Kay  Street  open  into  a  yard  from  which 
branch  two  main  streets,  one  to  the  south  and  the  other  to  the  east, 
which  lead  to  other  streets  and  yards.  The  foundries  are  extensive  ; 
the  heavy  work  is  served  by  power  cranes,  the  lighter  by  metal 
trams.  There  are  five  cupolas,  capable  of  melting  from  90  to  100 
tons  of  castings  per  day.  Two  of  the  cupolas,  on  account  of  their 
proximity  to  the  wood  sheds,  have  the  uptake  turned  over  into  a 
downtake,  which  is  conveyed  to  the  chimney  by  a  flue,  thus  avoiding 
the  dispersion  of  sparks  in  the  air.  The  heated  air,  in  passing,  raises 
the  temperature  of  the  blast  supplied  to  the  cupolas,  as  the  blast  pipe 
passes  through  the  hot-air  flue.  The  cupolas  are  charged  by  power 
hoists.  The  chimney  is  366^  feet  high,  and  was  for  long  the  largest 
stack  in  the  world ;  even  now  it  has  only  two  or  three  competitors. 
It  was  constructed  for  a  chemical  works  formerly  upon  the  ground, 
which  has  been  absorbed  by  the  machine  works.  There  is  a  small 
steel  foundry ;  also  a  brass  foundry,  and  softening,  annealing,  and 
hardening  furnaces. 

The  machinery  made  in  this  establishment  is  principally  for  cotton 
spinning  and  doubling,  although  silk,  wool,  and  other  fibres  are  also 
dealt  with.  Thus  the  machines  may  be  divided  into  those  for  ginning, 
scutching,  carding,  combing,  drawing  and  preparing,  ring  and  mule 
spinning,  ring  and  mule  doubling,  winding  frames,  gassing  frames, 
and  bundling  presses ;  in  fact  all  the  requirements  of  a  cotton  mill. 
The  fitting  rooms  are  arranged  to  suit  this  category,  and  there  is  one 
general  preparation  in:  the  way  of  planing,  milling,  polishing,  and 
turning.  Many  of  the  milling  and  turning  machines  are  made  to 
serve  a  special  purpose,  and  not  a  few  of  them  show  great  ingenuity. 

Bolt  and  nut  turning,  automatic  screw-making,  automatic  wheel- 
cutting  machines,  multiple  milling  machines,  are  of  various  kinds 
and  considerable  in  number.  Subdivision  of  labour  is  the  secret  of 
the  existence  of  the  machine  trade:  without  it  competition  with 
foreign  makers  would  be  impossible.  Therefore  it  is  that  the 
machine-tools  in  the  works  have  all  been  designed  with  a  view  to 
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oconomy  of  production.  The  work  required  is  of  the  most  exact 
character ;  in  several  cases  pieces  of  50  inches  diameter  of  thin 
cast-iron  have  to  be  turned  to  the  1,000th  part  of  an  inch.  The 
wood  -  working  department  is  also  extensive.  Here  again  the 
object  sought  for  has  been  to  reduce  the  cost  of  labour.  The 
multiplicity  of  pieces  in  a  business  of  this  description  is  almost 
incredible,  the  number  of  articles  dealt  with  amounting  to  hundreds 
of  thousands  per  week.  The  packing  department  for  the  large 
foreign  trade  is  of  great  importance.  Each  framing  and  article  of  any 
weight  is  securely  fastened  by  stays,  which  in  turn  are  nailed 
to  the  case.  About  1,000  cases  of  machinery  per  week  are 
despatched  to  all  parts  of  the  world. 

The  boilers  employed  are  of  the  Lancashire  type,  supplied  with 
Galloway  tubes,  and  furnished  with  mechanical  stokers  on  the 
spreading  system.  Some  of  the  engines  are  old  ;  but  there  are  three 
or  four  new  ones,  including  two  high-speed  engines,  one  running  at 
240  revolutions  per  minute,  and  the  other  at  140,  The  bevel  and 
spur  wheels  in  connection  with  the  driving  gear  have  been  abolished 
by  degrees  in  favour  of  ropes  or  straps. 

A  large  portion  of  the  works  is  lighted  by  the  inverted  arc-lamp 
reflected  from  a  white-washed  ceiling  (Proceedings  1893,  page  396). 
In  the  dynamo  room  are  different  kinds  of  dynamo  and  switch 
arrangements.   Electric  welding  is  also  a  special  feature  in  these  works. 

In  the  third  storey  of  the  building  facing  the  principal  entrance 
gates  is  an  experimental  room,  where  are  samples,  in  working  order, 
of  the  principal  types  of  cotton-spinning  machinery  constructed. 
This  room  affords  extremely  interesting  explanations  of  the  principles 
of  such  machinery. 

The  offices  are  considerable  in  extent  and  organization.  Their 
interest  arises  from  the  fact  that  the  firm  deals  with  cotton-spinning 
concerns  in  every  quarter  of  the  globe,  and  that  it  is  necessary  therefore 
to  correspond  in  many  different  languages.  The  department  for 
conducting  the  time  and  piece  work  and  arranging  the  pay  is  an 
important  feature.  There  are  four  pay  ofiices,  where  3,500  men 
and  boys  are  paid  in  twenty  minutes  each  week,  the  pay  proceeding 
simultaneously  in  each  office. 
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MESSRS.  HICK,  HAEGEEAVES  AND  CO., 
SOHO    lEON    WOEKS,    AND    PHCENIX    BOILEE    WOEKS, 

BOLTON. 

The  Solio  Works  were  erected  in  1832  as  a  general  engineering 
establielinient,  the  earlier  products  being  stationary  steam-engines, 
boilers,  mill-gearing,  hydraulic  machinery,  water  wheels,  marine 
engines,  and  locomotives ;  of  the  last  a  large  number  were  made  here 
for  the  Liverpool  and  Manchester  and  other  early  railways. 

The  firm  were  the  first  to  introduce  the  Corliss  engine  into  this 
country  about  1865  (Proceedings  1868,  page  181),  and  they  have  been 
closely  identified  with  it  ever  since.  Over  1,100  of  these  engines 
have  been  built  of  all  sizes  from  40  to  10,000  I.H.P.,  simple, 
compound,  and  triple-expansion,  adapted  for  all  pressures  up  to 
200  lbs.  per  square  inch.  Great  attention  has  been  given  to  obtain 
the  best  results,  as  regards  economy  of  fuel  and  water,  and  regularity 
of  speed  under  varying  loads  ;  the  consumption  of  water  or  steam 
is  now  under  12  lbs.  per  I.H.P.  per  hour,  and  the  fuel  Ij  lb. 
per  I.H.P.  per  hour  under  favourable  conditions,  whilst  the  variation 
in  speed  is  practically  so  insignificant  that  it  may  be  neglected. 

Steel  boilers  were  first  made  at  the  Soho  Works  in  1863 ;  and 
their  present  capacity,  including  the  Phoenix  Works,  is  about 
150  boilers  a  year.  The  boilers  are  mostly  of  the  Lancashire  type, 
but  upwards  of  200  torpedo-boat  boilers  of  the  locomotive  type  have 
been  made  ;  some  of  the  most  recent  of  these  have  each  2,400  square 
feet  of  heating  surface,  and  whilst  weighing  only  16  tons  have  given 
1,750  I.H.P.  on  the  trial  trip.  Mill  gearing  in  all  its  branches  is 
also  a  speciality ;  some  large  fly-wheels  for  rope-driving  have  been 
made,  a  recent  example  being  32  feet  diameter,  gi'ooved  for  56  ropes, 
weighing  128  tons,  and  to  transmit  3,000  I.H.P.  Turbines  and 
hydraulic  machinery  are  also  largely  manufactured. 

The  works  have  been  extended  from  time  to  time  to  suit  the 
growing  requirements  of  the  business,  and  they  now  cover  seven 
acres,  and  give  employment  to  about  1,000  workmen.  They  are 
divided  into  nine  departments :  namely  two  pattern  shops,  brass 
foundry,  three  moulding  shops,  smiths'  shoj^,  heavy  machine  shop,  light 
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machine  shop,  with  fitting  and  erecting  shop,  millwrights'  turning 
shop,  and  millwrights'  erecting  shop.  The  tools  are  modern,  many 
being  of  a  special  character  to  suit  the  work.  There  are  ten  rope- 
power  travelling-cranes  from  15  to  40  tons  capacity.  Some  of  the 
leading  tools  are  of  large  size  :  namely  a  lathe  4  feet  6  inches 
centres,  14-inch  spindle,  and  bed  50  feet  long;  a  side  planer  to 
plane  24  feet  long  by  12  feet  high ;  a  slotting  machine  with  a  stroke 
of  4  feet  6  inches ;  a  pit  planer  to  plane  an  object  20  feet  long  by 
10  feet  square ;  a  tool  for  turning  rope  fly-wheels,  capable  of  dealing 
simultaneously  with  four  fly-wheels,  each  32  feet  diameter  by 
40  ropes,  as  many  as  thirty  cutting  tools  being  sometimes  in  use 
simultaneously  on  one  wheel ;  and  an  80-ton  hydraulic  riveter  with 
8  feet  gap.  The  motive  power  consists  of  five  Lancashire  boilers 
7  feet  diameter  by  30  feet  long,  working  at  a  pressure  of  70  lbs. 
per  square  inch  ;  and  six  engines,  giving  altogether  about  450  I.H.P. 
The  works  are  advantageously  situated,  being  traversed  by  sidings 
from  the  London  and  North  Western  Kailway. 

The  Phoenix  Boiler  Works  were  purchased  in  1891,  the  boiler 
department  at  the  Soho  Works  having  become  inadequate  to  meet 
the  demands  upon  it.  It  is  contemplated  to  remove  all  the  boiler- 
making  plant  to  these  works,  and  to  utilize  for  other  purposes  the 
si)ace  now  occupied  by  the  old  boiler  shop  at  the  Soho  Works. 


MESSES.  JOHN  MUSGEAVE  AND  SONS, 
GLOBE  lEON  WOEKS,  BOLTON. 

This  firm  of  engineers,  boiler  makers,  and  millwrights,  was 
established  in  1839  by  John  Musgrave,  and  has  been  worked  and 
carried  on  by  his  sons  and  grandsons  up  to  the  present  time.  At 
first  the  works  employed  only  about  fifteen  men  ;  but  the  growth  of 
the  business  has  necessitated  continual  alterations  and  additions, 
until  the  works  now  occupy  over  eight  acres,  almost  entirely  covered 
by  buildings,  including  three  foundi-ies,  with  complete  accessories  of 
pattern  shops,  dressing  shed,  store  rooms,  &c.  There  are  four  shops 
devoted  to  engine  work,  and   fuur  others   for  laillgcaiing,  besides 
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large  engine-erecting  shops,  and  extensive  boiler  works,  smiths'  shop, 
and  all  the  numerous  adjuncts,  providing  employment  for  about 
1,000  men.  The  special  work  produced  comprises  quadruple,  triple, 
and  compound  engines,  with  triangular  connecting-rods,  and  ha\Tng 
no  dead  centres  ;  also  quick-speed  engines  on  this  principle,  designed 
specially  for  electric  machinery;  Musgrave's  barriBg  engine  and 
Corliss  valve-gear,  Crompton's  metallic  packings  for  piston-rod 
glands,  Buckley's  piston-rod  support.  Tabor  indicator,  &c.  The 
engines  are  constructed  with  a  special  view  to  high-class  finish, 
steady  turning,  and  economical  running  ;  they  are  driving  a  large 
number  of  the  most  successful  cotton-spinning  and  weaving  mills  in 
this  country,  India,  Eussia,  Germany,  and  Japan ;  and  examples  of 
the  work  here  produced  have  gone  into  nearly  every  part  of  the 
world. 


LANCASHIRE    AND    YOEKSHIEE    RAILWAY 
LOCOMOTIVE  WORKS,  HORWICH. 

These  works,  of  which  the  building  was  conunenced  in  1886, 
have  been  erected  for  the  purpose  of  repairing  and  renewing  the 
locomotive  stock,  and  of  carrying  out  the  mechanical  engineering 
work  of  the  railway.  They  are  situated  between  the  Chorley  New 
Road,  Horwich,  and  Red  Moss ;  and  are  about  one  mile  distant  in 
an  easterly  dii-ection  from  Blackrod  Station  upon  the  main  line 
between  Manchester  and  Fleetwood.  The  land  enclosed  for  the  works 
comprises  85  acres,  and  lies  north-west  and  south-east,  Plate  105. 
The  covered  area  of  workshops  is  15  acres.  They  comprise  offices, 
general  stores  with  gallery,  boiler  shops,  smithy,  forge,  foundries, 
tin  and  copper  shojis,  machine  6hoj)s,  erecting  and  repairing  shops, 
&c. 

The  general  stores  contain  light  goods  on  the  upper  floor,  and 
heavy  material  on  the  ground  floor.  The  boiler  shop  is  fitted  with 
the  necessary  cranes,  portable  and  fixed  riveting  machines,  multiple 
drilling  machines,  pneumatic  fullering  tools,  quadruple  stay-tapping, 
and  plate-edge   planing  machines.      The  boiler   shop  and  smithy 
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contain  a  hydraulic  flanging  press ;  and  in  the  forge  are  a  plate- 
straiglitening  macliine,  rolling,  tire,  and  mereliant-mill  engines,  tire 
and  merchant  mills,  and  30-ton  duplex  hammer.  In  the  steel 
foundry  are  smelters,  core-drying  furnaces,  and  a  wagon-wheel 
moulding-machine,  &c. ;  and  the  iron  foundry  is  adapted  for  light 
and  heavy  castings.  The  steel  dressing  shop  contains  annealing 
furnaces,  and  is  used  for  dressing  steel  castings.  The  wagon-wheel 
shop  comprises  lathes  for  boring  and  turning  wagon-wheels  ;  one  set 
of  lathes  rough  the  work,  and  the  remainder  finish  it.  Bolt  machines, 
drop  stamps,  and  nail-making  machines  are  in  the  bolt  shop  of  the 
smithy.  The  smithy  is  fitted  with  smiths'  hearths,  frame  fires,  and 
Eoots'  blower,  &c. ;  whilst  in  the  spring  smithy  are  furnaces,  spring 
thinning,  punching,  and  shearing  machines,  and  a  hydraulic  buckle- 
press,  &c.  The  signal  shop  is  used  for  the  fitting  up  of  locking 
frames  and  general  signal  work.  The  points  and  crossings  shop 
contains  machines  for  planing  rails,  points  and  crossings,  &c.  The 
fitting  and  machine  shop  comprises  milling  and  other  special  tools 
adapted  to  the  work  required.  For  the  conveyance  of  the  material 
to  the  various  machines,  these  shops  are  fitted  with  walking  cranes 
to  lift  weights  up  to  5  tons.  The  brass  moulding  shop  contains  gas 
furnaces,  core  stoves,  &c. ;  and  in  the  tinsmiths'  shop  are  machines 
and  tools  for  general  work.  The  coppersmiths'  shop  is  set  apart  for 
copper-pipe  work,  the  making  of  dome  covers  &c.,  and  contains 
brazing  furnaces  and  copper-pipe  bending  press.  In  the  telegraph 
shop  are  screw-making  and  other  light  machinery,  and  fittings  for 
the  electrical  instruments  required  for  the  railway.  The  joiners' 
and  pattern-makers'  shop  is  fitted  with  modern  wood-working 
machinery. 

The  erecting  and  repairing  shop  is  provided  with  30-ton  cranes, 
portable  hydraulic  riveters,  flexible-shaft  drilling-machine,  and  the 
necessary  complement  of  tools.  Steel  castings  are  largely  used  in 
the  manufacture  of  the  locomotives.  The  tender  shop  is  for  the 
making  and  fitting  up  of  tenders ;  and  the  paint  shop  contains  the 
necessary  paint-grinding  and  mixing  machinery  and  stores.  In  the 
chain-making  and  testing  shop  is  a  100-ton  chain-testing  machine, 
together  with  the  necessary  chain-makers'  fires,  &c. 
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To  facilitate  tlie  carriage  of  material  from  the  stores,  and  of 
work  to  the  various  shops,  a  system  of  18-inch  gauge  tramway  is  laid 
to  the  extent  of  7j  miles,  the  haulage  being  performed  by  small 
locomotives.  The  shops  and  offices  are  fitted  with  both  arc  and 
incandescent  electric  lights.  The  fitting  shop  is  lighted  with  inverted 
arc  lamps ;  and  each  department  of  the  works  is  also  in  telephonic 
communication  with  the  offices. 


LONDON  AND  NOETH  WESTEKN  EAILWAY, 
STEEL  AND  LOCOMOTIVE  WOEKS,  CEEWE. 

The  chief  objects  of  interest  in  the  several  departments  of  the 
works  are  as  follows.  Plates  106  and  107.  Bessemer  converting  house. 
Siemens-Martin  furnace  house.  Eail  mill ;  rolling  of  60-foot  rails. 
Point  and  crossing  shop ;  group  of  special  machines  for  manufacture 
of  points  and  crossings.  Boiler  shop  ;  hydraulic  riveting  machines, 
boiler-stay  tapping  machine,  electrical  cranes  and  drills,  pneumatic 
caulking  machine,  &c.  Flanging  shop  ;  hydraulic  presses  punching 
and  flanging  boiler-plates.  Boiler  mounting  shop ;  electrical  tube- 
cutter,  &c.  Iron  foundry.  Tender  shop ;  hydraulic  riveting,  and 
building  of  tenders  and  carriage  frames.  Eepairing  shops ;  horn- 
block  planing-machine,  valve-facing  and  cylinder-boring  machines,  &c. 
Forge  and  rolling  mills  ;  plate-mill  for  rolling  boiler-plates ;  7-foot 
saw  cutting  steel  casting  gates  cold ;  8-ton  hammer  working  on 
crank-shafts ;  30-ton  hammer  slabbing  boiler-plates ;  carriage-tyre 
rolling ;  fish-plate  rolling,  punching,  and  straightening ;  and 
merchant  and  guide  mill.  Steel  foundry.  Bolt  and  nut  shop ; 
special  group  of  machinery  for  forging  and  finishing  nails,  rivets, 
bolts,  and  nuts.  Wheel  shop;  group  of  machines  for  finishing 
wheels  and  axles,  electrical  cranes,  &g.  Signal  shop ;  electrical 
staff  instruments.  Paint  shop.  Testing  shop  ;  machines  for  testing 
tensile  strength  of  plates  ;  hydraulic  bending  and  drifting  machine  ; 
chain,  cement,  and  oil-testing  machines.  Millwrights'  shop.  Joiners' 
shop  and  saw-mill ;  special  wood-working  machinery. 
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Old  Works. — Smiths'  forge,  smithy,  and  spring  shop;  electric 
welding  machine.     Locomotive  erecting,  wheel,  and  fitting  shops. 

Compound  and  Non-Compound  Locomotives. — In  order  to  test  the 
capabilities  and  determiue  the  relative  advantages  and  suitability  of 
Compound  and  Non-Compound  Locomotives  for  working  mineral  and 
ordinary  goods  traffic,  trials  were  made  on  1st  April  1894  with  two 
trains  running  between  Crewe  and  Stafford,  worked  by  4  ft.  3  ins. 
eight-wheeled  coupled  coal  engines,  one  compound  No.  50  and  the 
other  non-compound  No.  2524,  recently  built  at  the  locomotive  works 
of  the  London  and  North  Western  Railway  from  the  designs  of 
Mr.  F.  W.  Webb,  Chief  Mechanical  Engineer. 

The  two  trains  were  composed  of  loaded  coal  wagons  and  the 
necessary  brake  vans,  which  were  all  carefully  weighed  previous  to 
the  trials.  No.  1  train  consisted  of  one  dynamometer  car,  fifty-two 
loaded  wagons  and  three  brake  vans  ;  total  weight  of  train  695  •  68 
tons,  exclusive  of  engine  and  tender.  No.  2  train  was  made  up  in  the 
same  way,  except  that  in  place  of  the  dynamometer  car  a  loaded 
wagon  was  substituted,  equal  in  weight  to  the  car ;  total  weight  of 
train  690*82  tons,  exclusive  of  engine  and  tender. 

In  carrying  out  the  trials,  both  trains  were  marshalled  side  by  side 
on  the  main  line  oj)posite  to  the  south  junction  signal  box  at  Crewe. 
The  engines  were  then  attached,  the  compound  to  No.  1  train  with  the 
dynamometer  car  and  the  non-compound  to  No.  2  train.  Each  engine 
had  the  same  amount  of  fire  in  the  box,  the  same  height  of  water  in 
the  boiler,  and  steam  up  to  full  working  pressure.  Both  trains  were 
started,  and  ran  side  by  side  to  Stafford,  instructions  having  been 
given  to  the  drivers  to  keep  the  engines  level  with  each  other.  On 
arriving  at  Stafford  the  engines  were  turned  and  re-attached  to  their 
respective  trains,  which  they  worked  back  to  Crewe,  side  by  side  as 
before.  The  engines  were  then  changed  from  one  train  to  the 
other,  and  two  more  trips  run  to  Stafford  and  back  in  exactly  the 
same  way  as  the  two  previous  trips :  so  that  all  the  conditions  of 
working  were  the  same  for  both  engines.  The  coal  used,  which  was 
South  Wales,  was  carefully  weighed,  that  for  lighting  up  and  raising 
steam  being  kept  separate  from  that  used  during  the  trips,  which 
latter  for   convenience  was  put   into  bags  weighing  84   Ib.s.   each. 
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Compound  and  Non-Compound  Locomotives. 
Besults  of  Trials. 


Engine 

Engine 

Saving 

1  April  1894. 

No.  2524. 

No  50. 

by 

Non- 

Compound 

compound, 

Compound. 

Engine. 

[  including  engine  and 

Mean  weight  1     tender    . 

768-85  tons 

767 -565  tons 

of  train       j  excluding  engine  and 

tender    . 

693 -25  tons 

691 -715  tons 

Eatio  of  weight  of  engine  and  tender 

to  weight  of  train 

1  to  9-17 

1  to  9-12 

Number  of  axles  in  train,  including 

engine  and  tender 

120 

Mean  speed,  miles  per  hour 

17-74  miles 

Maximum  speed,  miles  per  hour 

34  miles 

Total  length  of  four  trips 

96  miles 

Coal  for  lighting  up  and  raising  steam 

1,039  lbs. 

1,039  lbs. 

Per  cent. 

Coal  consumed  on  trips   . 

5,824  lbs. 

4.462  lbs. 

23-38 

Total     Coal     consumed,    including 

steam  raising       .... 
(  excluding  steam 

6,863  lbs. 

5,501  lbs. 

19-84 

Coal  consumed      1      raising 

60-66  lbs. 

46-48  lbs. 

23-38 

per  mile           j  including  steam 

[     raising 

71-49  lbs. 

57-30  lbs. 

19-84 

Total  Water  evaporated  . 

54,520  lbs. 

41,125  lbs. 

24-5 

( excluding  steam 

Water  evaporated    1      raising 

9-36  lbs. 

9-21  lbs. 

per  pound  of  coal   j  including  steam 

(      raising 

7-94  lbs. 

7-47  lbs. 

Total       including  weight  of  engine 
Ton-           ""'^  tender    . 

73,809-6 

73,686-24 

Miles       t-xt-luding  weight  of  engine 
L     and  tender    . 

66,552-0 

66,404-64 

Coal 

Including  weight  of  engine 

consumed 

and  tender,  and 

Per  cent. 

per 

excluding  steam  raising 

1 -262  02. 

0-969  oz. 

23-2 

mile 

includiug  steam  raising 

1-487  oz. 

1-194  oz. 

19-7 

per 

Excluding  wcightof  engine 

ton 

and  tender,  and 

of 

excluding  steam  raising 

1 -400  02. 

1  •  075  oz. 

23-2 

train 

^     including  steam  raising 

1  ■  650  oz. 

1-325  oz. 

19-7 

Maximum  pull  on  (  at  starting 
drawbar     .          .   \  while  running 

10-75  tons 

11-5  tons 

7-25  tons 

6-6  tons 

Highest       indicated        horse-power 

developed   .         .         .         „         . 

60S -G  LHP. 

056  LH.P. 
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Every  care  was  taken  to  ensure  the  perfect  accuracy  of  all  tlie 
particulars  taken  during  eacli  trip,  an  assistant  being  stationed  on 
each  engine  to  take  the  steam  pressures,  measure  the  quantity  of 
water  used,  and  note  the  number  of  bags  of  coal  used.  Indicator 
diagrams  were  taken  simultaneously  on  each  engine  at  intervals  in 
going  up  the  banks  on  all  the  trips ;  and  the  pull  on  the  engine 
drawbar  and  the  speeds  were  accurately  registered  in  the 
dynamometer  car.  The  steepest  gradient  was  1  in  177.  At  the  end 
of  the  trials  a  small  fire  only  was  in  each  of  the  fire-boxes,  and  the 
water  level  in  the  boilers  was  the  same  as  at  the  start. 

In  page  460  is  given  a  detail  statement  showing  speeds,  coal 
consumption,  weight  of  trains,  &c.  The  slight  difference  in  the 
mean  weight  of  the  two  trains  is  due  to  several  wagons  in  No.  1 
train  having  to  be  removed  at  the  end  of  the  second  trip  (Stafford  to 
Crewe),  owing  to  hot  axles;  and  fresh  wagons  were  jiut  in  their 
places,  which  on  being  weighed  afterwards  were  found  to  be  rather 
lighter  than  those  removed. 


LANCASHIRE    WATCH    WORKS,    PRESCOT. 

The  industry  of  watchmaking  was  first  introduced  into  England 
during  the  Commonwealth,  nearly  two  hundred  and  fifty  years  ago ; 
and  the  trade  seems  soon  afterwards  to  have  been  established  in 
Prescot,  and  to  have  progressed  concurrently  with  the  development 
of  the  watch  itself.  All  the  other  centres  of  watchmaking  in 
England,  including  London,  Coventry,  Birmingham,  and  Liverpool, 
have  been  dependent  on  Prescot  makers  for  the  foundation  of  the 
watch,  called  the  movement,  which  consists  of  the  frames,  barrels, 
fusees,  detent  works,  indexes,  silver  pieces,  wheels,  pinions,  ratchets, 
springs,  &c.  Besides  the  movements,  other  brandies  of  watchmaking 
were  carried  on  in  Prescot,  such  as  the  manufacture  of  balances, 
hands,  rollers,  levers,  pallets  and  wheels,  verges  and  motions. 
Ships'  chronometer  movements  have  likewise  been  manufactured 
here  ;  and  watch-tool  making  had  its  seat  in  the  locality. 
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The  buildings  of  the  Lancashire  Watch  Co.,  which  was 
established  in  1889,  occupy  a  rectangular  plot  of  ground  of 
about  eleven  and  a  half  acres.  When  completed  the  front  building 
will  be  440  feet  long  by  28  feet  wide  and  four  storeys  high,  the 
central  portion  forming  the  administrative  department.  Behind  the 
whole  length  of  this  building,  and  separated  from  it  by  areas  for 
light,  will  be  the  main  works  corridor,  20  feet  wide,  from  which  the 
diiferent  workshops  will  be  entered.  The  latter  will  be  placed  with 
their  length  at  right  angles  to  the  corridor,  and  are  intended  to  be 
seven  in  number ;  the  outer  will  be  three  storeys  in  height,  and  the 
inner  one  storey.  The  rear  of  all  the  workshops  is  intended  to  be 
connected  together  by  a  rope-race  for  the  transmission  of  power  by 
cotton  ropes,  the  areas  between  the  workshops  being  approached 
through  archways.  The  steam  engines,  boilers,  and  electric- 
lighting  plant  are  intended  to  be  in  the  centre  of  this  rope-race. 

The  buildings  already  completed  consist  of  one  of  the  three-storey 
outer  workshops  and  two  of  the  one-storey  inner  shops,  occupying  a 
space  of  300  feet  by  260  feet,  and  having  a  total  floor  area  of 
59,325  square  feet.  The  three-storey  workshop  is  300  feet  long  by 
28  feet  wide.  The  large  one-storey  workshop  is  336  feet  long  by 
100  feet  wide,  a  portion  at  one  end  being  temporarily  divided  off  for 
the  present  engine  and  boiler  and  other  purposes.  The  smaller  one- 
storey  workshop  is  256  feet  long  and  45  feet  wide.  The  present 
offices  are  contained  in  what  will  ultimately  be  the  main  works 
corridor. 

The  sidewalls  of  all  the  workshops  are  constructed  of  cast-iron 
stanchions,  filled  in  to  a  height  of  three  feet  above  each  floor  with 
brickwork,  and  over  this  with  glass  in  wood  frames,  so  that 
continuous  windows  are  formed  the  whole  length  of  each  side.  The 
ground  floors  are  solid,  formed  with  a  layer  of  ballasting  and  a  layer 
of  Portland  cement  concrete.  The  upper  floors  are  fire-proof,  with 
steel  girders  supported  on  cast-iron  columns.  The  three-storey 
workshop  has  an  ordinary  slated  roof,  but  the  one-storey  workshops 
have  saw-tooth  shed  roofs,  with  large  skylights  facing  the  north. 
Blackman  air-propellers  are  used  for  ventilation ;  and  the  outlet 
ventilators  are  of  the  induced-current  kind,  preventing  down-draft. 
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The   buildings   are    heated    throughout    by  steam  generated   in   a 
boiler  30  feet  by  8  feet. 

The  motive  power  is  provided  by  a  locomotive-type  boiler, 
working  at  140  lbs.  pressure,  and  supplying  steam  to  a  Marshall 
compound  engine  capable  of  developing  80  horse-power,  from  which 
the  various  shafts  are  driven  by  cotton  ropes  working  in  iron  grooved 
pulleys.  The  shafting  is  of  steel  throughout,  and  the  belt  pulleys 
being  made  in  halves  will  fit  on  it  anywhere. 

The  work  benches  have  wood  tops  2^  feet  wide,  carried  on  cast- 
iron  standards,  which  are  secured  to  the  floor-boards  and  joists.  The 
total  area  of  bench  tops  is  14,480  square  feet.  Gas  is  used  at 
present  for  lighting. 

The  smaller  one-storey  workshop  is  used  for  making  tools,  and 
has  joiners'  shop  and  smithy  partitioned  off  at  one  end  ;  it  provides 
accommodation  for  about  100  mechanics.  The  larger  one-storey 
workshop  is  employed  in  the  making  of  watch  movements,  with 
accommodation  for  about  600  workpeople.  The  first  floor  of  the 
three-storey  workshop  contains  the  flat-steel  and  stem-winding 
departments  ;  the  second  floor  is  used  for  jewelling,  gilding,  and 
escapement  and  balance  making  ;  and  the  third  floor  for  assembling- 
room,  and  dial  and  hand  making.  These  three  storeys  give  space 
for  the  employment  of  700  workpeople.  The  press  room  is  on 
the  ground  floor.  The  factory  as  it  at  present  stands  provides 
accommodation  for  at  least  1,500  workpeople,  and  turns  out  now  a 
minimum  of  500  complete  watches  a  day. 
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James  Cross  was  born  at  Uddingston,  near  Glasgow,  on  22nd 
February  1829,  He  was  a  civil  engineer  by  profession,  and  in  1853 
became  managing  engineer  of  the  old  St.  Helen's  Eailway  and 
Canal  Co,  In  1864  however  tlie  railway  and  canal  were  sold  to  tbe 
London  and  North  Western  Eailway,  and  his  connection  with  the 
undertaking  then  ceased.  He  was  also  owner  of  a  locomotive  works 
at  St.  Helen's  Junction.  In  March  1865,  on  the  death  of  Mr.  John 
Hutchinson,  one  of  the  founders  of  Widnes,  he  became  one  of  the 
three  trustees  of  the  estate,  which  consisted  of  chemical  works,  land, 
and  the  West  Bank  Dock,  Shortly  afterwards  he  gave  up  his  works 
at  St.  Helen's  Junction,  and  became  managing  trustee  and  personal 
superintendent  of  the  estate.  He  took  an  active  part  in  public  afiairs 
at  Widnes,  being  a  member  of  the  local  board  for  many  years, 
and  chairman  from  1875  to  1882.  He  was  also  chairman  of  the 
highway  committee,  and  as  an  engineer  took  a  great  interest  in 
drainage  matters,  and  in  the  gas  and  water  undertakings  of  the 
board.  He  was  chairman  of  the  Upper  Mersey  Conservancy.  He 
constructed  the  railway  from  Widnes  to  Hough  Green  for  the 
Sheffield  and  Midland  Companies.  Having  been  a  major  of  the  47th 
Lancashire  Eifle  Yolunteers,  he  was  permitted  to  retain  this  rank  on 
his  retirement  from  the  corps ;  and  received  the  Queen's  decoration 
for  long  service.  He  was  also  a  justice  of  the  peace  for  Denbighshire, 
residing  latterly  in  North  Wales,  at  Mold  and  afterwards  at 
Llangollen,  where  his  death  took  place  on  15th  October  1894,  at 
the  age  of  sixty-five.  He  became  a  Member  of  this  Institution  in 
1865. 

Antonio  Gomes  de  Mattos  was  born  at  Eio  de  Janeiro  on 
3rd  December  1829.  After  being  educated  at  the  Naval  College 
of  Eio,  where  he  matriculated,  he  entered   the  Brazilian  navy  aB 
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midsliipman  and  saw  some  service,  taking  part  in  tlie  expedition 
and  naval  engagement  of  Tonelero  ;  and  lie  attained  the  rank  of 
first  lieutenant.  In  1852  he  was  one  of  the  officers  selected  by  the 
Brazilian  government  to  study  mechanical  engineering  and  naval 
construction  in  England,  and  was  articled  to  Messrs.  John  Penn 
and  Sons,  Greenwich.  After  serving  his  time  he  returned  in  1857 
to  Brazil,  and  was  appointed  directing  engineer  of  the  marine 
arsenal  at  Eio.  His  first  care  was  to  re-organise  the  workshops,  and 
to  refit  them  with  modern  tools  and  appliances;  after  which  he 
commenced  the  construction  of  marine  engines  and  other  work 
required  for  the  naval  service,  and  carried  out  many  improvements 
in  the  dockyard.  In  1864  he  retired  from  the  government  service 
to  join  the  firm  of  Messrs.  John  Maylor  and  Co.,  engineers  and  naval 
constructors  at  Eio,  and  soon  undertook  the  entire  management  of  the 
works ;  in  1879  he  became  the  sole  proprietor  under  the  title  of  Messrs. 
A.  G.  de  Mattos  and  Co.  During  the  Paraguayan  war  he  rendered 
important  services  to  the  government  by  the  prompt  repairs  of  war 
ships  and  by  placing  the  resources  of  the  factory  at  the  disposal 
of  the  government  for  the  casting  of  shell,  shot,  and  other  munitions 
of  war ;  these  services  were  duly  recognised.  In  1890  his 
establishment  was  purchased  by  the  Lloyd  Brazileiro  Co.,  proprietors 
of  the  mail  lines  of  steamships  and  docks  at  Eio ;  for  whom 
he  became  managing  director  of  the  diy  docks  and  engineering 
shops  for  three  years,  until  his  final  retirement  in  1893.  During 
his  career  he  undertook  many  important  contracts  for  the  Brazilian 
government,  including  the  erection  of  a  system  of  hydraulic  cranes 
and  lifts  in  the  docks  and  custom  house  at  Eio ;  and  was  actively 
engaged  in  the  construction  of  land  and  marine  engines,  in  the 
repairing  of  steam  ships  for  Brazilian  and  other  navigation 
companies,  and  in  the  manufacture  of  machinery  for  sugar  and 
coifee  estates  in  the  interior.  He  was  the  author  of  a  work  on  the 
culture  of  sugar  cane  and  manufacture  of  sugar.  In  recognition 
of  services  to  his  own  and  other  governments  he  was  created  a 
commander  of  the  Brazilian  Order  of  the  Eose,  a  chevalier  of  the 
Legion  of  Honour  of  France,  and  a  chevalier  of  the  Order  of  the 
Crown  of  Italy.     His  death  took  place  suddenly  at  his  residence  in 
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Tijuca,  near  Kio,  from  failure  of  the  lieart,  on  13tli  May  1894,  in 
his  sixty-fifth  year.     He  became  a  Member  of  this  Institution  in 

1875. 

Thomas  Albert  Oakes  Taylor  was  born  in  Leeds  on  13th 
September  1849,  being  the  only  son  of  George  Taylor,  who  was  the 
founder  of  the  Clarence  Iron  and  Steel  Works,  Leeds  (Proceedings 
1876,  page  24).  About  1872  he  became  managing  partner  in  these 
works,  and  since  his  father's  death  in  June  1875  was  the  senior 
partner.  He  died  on  22nd  August  1894,  from  congestion  of  the 
lungs,  in  the  forty-fifth  year  of  his  age.  He  became  a  Member  of 
this  Institution  in  1882. 

James  Bradford  Teew  was  born  at  Swansea  on  18th  July  1859, 
and  was  educated  at  Queen's  College,  Taunton.  He  served  his  time 
with  Messrs.  Vivian  and  Son  in  their  constructive  works  at  Swansea, 
a;ud  comj)leted  his  course  in  the  drawing  office  and  works  of  Messrs. 
Muir  and  Houston,  marine  engineers,  Glasgow.  He  next  assisted 
Mr.  James  W.  Chenhalls  in  the  construction  and  erection  of 
machinery  for  a  chemical  works  at  Morriston,  near  Swansea. 
Afterwards  he  went  to  sea,  and  served  in  several  large  steamers 
trading  with  the  East  under  the  superintendence  of  Messrs. 
Flannery  and  Baggallay,  and  others.  Having  passed  the  Board 
of  Trade  examinations,  including  that  of  extra  chief  engineer,  he 
went  to  Japan  in  1887,  and  served  in  the  Nippon  Yusen  Kaisha. 
On  his  return  to  England  in  1893  he  superintended  the  finishing 
and  took  charge  of  some  new  engines  for  an  engineering  firm  at 
West  Hartlepool  in  a  large  steamer  engaged  in  the  China  trade,  and 
while  on  this  duty  was  attacked  with  fever  at  Hong  Kong,  and  died 
there  on  18th  September  1894,  at  the  age  of  thirty-five.  During 
his  career  he  made  a  special  study  of  electric  lighting  on  board  ship, 
and  superintended  several  installations  on  ships  he  had  to  do  with. 
He  became  a  Member  of  this  Institution  in  1880. 

Henry  Yates  was  born  at  Walton-le-Dale,  near  Preston,  on 
28th  October  1820.     After  being  educated  at  a  private  school  near 
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Liverpool,  lie  was  aj)prenticecl  to  Messrs.  NasmytL  and  Gaskell, 
Bridgewater  Foundry,  Patricroft.  On  the  termination  of  Lis 
apprenticeship  he  was  sent  by  Mr.  Nasmyth  to  France,  to  assist  in 
the  construction  of  the  first  railway  there  from  Paris  to  Eouen.  In 
1846  he  returned  to  England,  and  was  employed  in  the  locomotive 
works  of  the  London  and  South  Western  Eailway  to  superintend  the 
construction  of  their  new  engines  and  rolling  stock.  There  he 
remained  until  1853,  when  he  was  engaged  by  Mr.  C.  J.  Brydges, 
managing  director  of  the  Great  Western  Eailway  of  Canada,  to  go 
out  for  a  term  of  years  as  chief  locomotive  superintendent  and 
mechanical  engineer  of  the  whole  line.  In  1857  he  entered  into 
an  arrangement  with  Captain  Barlow  to  comj)lete  the  Buffalo  and 
Lake  Huron  Eailway,  receiving  the  position  of  chief  mechanical 
superintendent  and  engineer.  In  1862  he  became  chief  contractor 
for  the  maintenance  of  the  permanent  way  and  the  whole  of  the 
works  between  Buffalo  and  Goderich.  In  1863,  on  Sir  Edward 
Watkin  becoming  president  of  the  Grand  Trunk  Eailway,  he  was 
appointed  chief  engineer  of  the  whole  railway  and  its  branches, 
which  position  he  held  until  1866.  He  was  afterwards  engaged 
more  or  less  as  engineer  and  contractor  for  works  in  connection 
with  the  same  railway  from  1880  to  1886.  The  Michigan  Air  Line 
Eailway  was  surveyed,  plotted,  and  completed  under  his  entire 
supervision  as  chief  engineer.  Since  then  he  was  engaged  as 
consulting  engineer  in  various  railway  matters  in  Canada.  During 
his  active  career  of  thirty-five  years  he  introduced  several  important 
improvements  in  locomotives.  In  1869  he  entered  into  partnership 
with  Mr.  John  H.  Stratford  for  supj)lying  railway  materials.  He 
was  an  alderman  and  also  a  justice  of  the  peace  of  the  city  of 
Brantford,  Ontario.  His  death  took  place  at  his  residence  at 
Brantford  from  Bright's  disease,  on  22nd  July  ISOi,  in  his  seventy- 
fourth  year.  He  became  a  Member  of  this  Institution  in  1878  ; 
and  was  also  a  Member  of  the  Canadian  Society  of  Civil  Engineern. 
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PROCEEDINGS. 


October  1894. 


The  Autumn  Meeting  of  the  Institution  was  held  in  the  rooms 
of  the  Institution  of  Civil  Engineers,  London,  on  Wednesday, 
24th  Octoher  1894,  at  Half-past  Seven  o'clock  p.m. ;  Professor 
Alexander  B.  W.  Kennedy,  LL.D.,  F.R.S.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  forty-five  candidates  were  found  to  be  duly 
elected : — 

members. 


Bennett,  James  William, 

.     Batavia. 

Burke,  Michael  James, 

Morvi. 

Chaffet,  George, 

London. 

Craven,  William  H.  S., 

Manchester. 

Gatehouse,  Tom  Ernest, 

London. 

Hamer,  Walter, 

.     Bolton. 

Herman,  Benjamin  Richard, 

Karachi. 

loRNS,  Charles  Eisbec, 

Manchester. 

Jenkin,  Thomas  Henry, 

.     Hull. 

Lloyd,  Sampson  Zachary, 

.     Birmingham. 

Longridge,  Capt.  Cecil  Clement,    . 

.     Birmingham. 

McQueen,  John, 

Manchester. 

Merrick,  Robert, 

.     Cork. 

Pickering,  Jonathan,    . 

.     Sydney. 
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Pryce,  Henry  James,    . 
Smith,  William,  . 
West,  James, 
West,  John, 

ASSOCIATE   members. 

Armstrong,  William  Henry, 
Aveline,  William  Eebotier, 
Clark,  James  Lester,  . 
CoLLis,  Alfred  Edward, 
Coventry,  Theodore,   . 
Dadina,  Hormuz  Minocher, 
Dickinson,  Harold, 
Eastmead,  Frederic  James, 
EwEN,  John  Taylor,     . 
FiNLAYSON,  David, 
Hall,  Eobert  Frederick, 
Hardy,  William, 
Harris,  Herbert  Nelson, 
Henderson,  Arthhr  James, 
Mansfield,  Edwin  Albert, 
"Mills,  Arthur  Edwin, 
^ORTH,  Horace,  . 
Eamsbottom,  John  Goodpellow, 
;Salis,  Henry  Eodolph  de, 
.Smith,  William  Arthur, 
Thomson,  Henry, 
IVasdell,  Thomas,  Jun., 
TouNG,  Smelter  Joseph, 


associate 
CowLES,  William  S.,  Lt.-Com.  U.S 

graduates 
Britten,  Thomas, 
Jamieson,  James  Lindsay  Auldjo-, 
Lloyd,  Thomas  Zachary, 


,N., 


London. 

Sydney. 

Orange  Free  State. 

Mancliester. 

Calcutta. 

Bombay. 

London. 

Lincoln. 

Manchester. 

Bombay. 

Leeds. 

London. 

London. 

Glasgow. 

Birmingham. 

Bessbrook. 

Bridport. 

London. 

London. 

Bath. 

Brighton. 

Manchester. 

Oxford. 

Northampton. 

Cavrapore. 

Birmingham. 

Bolton. 

London. 

Lincoln. 

Newcastle-on-Tyne. 

Birmingham. 
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The  President  announced  tliat,  in  accordance  witli  tlie  Eules  of 
the  Institution,  the  President,  two  Vice-Presidents,  and  six  Members 
of  Council,  would  retire  at  the  ensuing  Annual  General  Meeting; 
and  the  list  of  those  retiring  was  as  follows  : — 

president. 
Alexander  B.  W.  Kennedy,  LL.D.,  F.E.S.,     London. 

vice-presidents. 
Sir  James  N.  Douglass,  F.E.S.,       .  .     London. 

Edward  B.  Marten,     ....     Stourbridge. 


members  of  council. 
John  A.  F.  Aspinall,  . 
William  Dean,  . 
Benjamin  A.  Dobson,  . 
Francis  C.  Marshall,  . 
Henry  D.  Marshall,  . 
J.  Hartley  Wicksteed, 

All  of  these  offered  themselves  for  re-election,  with  the  exception 
of  Sir  James  N.  Douglass  and  Mr.  Marten. 


Horwich. 

Swindon. 

Bolton. 

Newcastle-on-Tyne. 

Gainsborough. 

Leeds. 


The  following  nominations  had  also  been  made  by  the  Council 
for  the  election  at  the  Annual  General  Meeting : — 

Election  VICE-PRESIDENTS. 

as  Member. 


1861. 

Samuel  W.  Johnson,  . 

Derby. 

1868. 

J.  Hartley  Wicksteed, 

.     Leeds. 

MEMBERS    of    COUNCIL. 

1873. 

Henry  Davey,  . 

London. 

1873. 

Bryan  Donkin, 

London. 

1885. 

Thomas  Mudd,  . 

.     West  Hartlepool 

1891. 

Ealph  H.  Tweddell, 

.     London. 

1891. 

Arthur  T.  Walker,  . 

Leeds. 

The  President  reminded  the  Meeting  that  according  to  the 
Eules  of  the  Institution  any  Member  or  Associate  Member  was  now 
entitled  to  add  to  the  list  of  candidates. 
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No  other  names  being  added,  the  President  announced  that  the 
foregoing  names  would  constitute  the  nomination  list  for  the  election 
of  officers  at  the  Annual  General  Meeting. 


The  following  Paper  was  then  read  and  discussed : — 
"  The  Manufacture  of  Standard  Screws  for  Machine-made  Watches ; " 
by  Mr.  Charles  J.  Hewitt,  of  Prescot. 

Shortly  after  Nine  o'clock  the  Meeting  was  adjourned  to  the 
following;  evening.    The  attendance  was  79  Members  and  45  Visitors. 


The  j^.DJOURNED  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Thursday,  25th  October  1894,  at  Half-past 
Seven  o'clock  p.m. ;  Professor  Alexander  B.  W.  Kennedy,  LL.D., 
F.E.S.j  President,  in  the  chair. 

The  following  Paper  was  read  and  discussed : — 
"  Drilling  Machines  for  Cylindrical  Boiler  Shells ; "  by  Mr.  Samuel 
Dixon,  of  Manchester. 


On  the  motion  of  the  President  a  vote  of  thanks  was 
unanimously  passed  to  the  Institution  of  Civil  Engineers,  for  their 
kindness  in  granting  the  use  of  their  rooms  for  the  Meeting  of 
this  Institution ;  and  particularly  on  the  present  occasion  for  the 
special  arrangements  made  for  the  comfort  and  convenience  of  the 
Members  attending  during  the  reconstruction  of  the  building. 

The  Meeting  then  terminated  shortly  after  Nine  o'clock.  The 
attendance  was  81  Members  and  47  Visitors. 
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THE  MANUFACTUEE   OF   STANDAED  SCEEWS 
FOE  MACHINE-MADE  WATCHES. 


By  Mk.  CHAELES  J.  HEWITT,  of  Peescot. 


In  the  whole  range  of  mechanics  as  applied  to  the  particular 
industry  of  Watch-making  there  is  probably  no  subject  of  more 
general  interest  to  mechanical  engineers  than  that  of  the  apparently 
trivial  Screw.  In  addition  to  its  general  interest,  there  is  no 
subject  of  greater  mechanical  importance  in  this  industry,  as 
economy  in  production  has  gradually  made  more  and  more  demands 
upon  the  machine-designer  and  toolmaker ;  and  the  number  of 
screws  used  in  each  watch,  when  multiplied  by  the  total  product 
of  a  watch  factory,  has  justified  expensive  and  elaborate  machinery 
for  their  manufacture. 

Defective  Screics. — The  fit  and  finish  of  the  screw-heads  make  or 
mar  the  appearance  of  the  watch  ;  and  the  fit  and  shape  of  the 
thread  have  such  an  effect  on  its  durability,  that  many  watches, 
otherwise  of  good  quality,  come  to  an  untimely  end  through 
failure  of  the  screws  to  perform  their  allotted  task.  There  are  few 
watch-repairers  who  have  not  experienced  the  sudden  transition  from 
satisfaction  at  the  successful  termination  of  a  conscientious  piece  of 
work,  to  disgust  upon  finding  the  balance-bridge  screw  over-tm-n, 
in  consequence  of  which  the  work  thought  to  be  complete  has  to  be 
gone  through  once  more.  If  the  repairer  happens  to  be  impatient  or 
unscrupulous,  he  treats  the  unfortunate  watch  with  a  roughness 
varying  only  in  degree  of  barbarity.  Instead  of  taking  the  watch  to 
pieces  again,  re- tapping  the  hole,  and  fitting  a  new  screw,  he  tries  to 
find  one  that  will  do  ;  but  the  quest  is  not  easy,  considering  that 
until  recently  no  recognised  standard  for  threads  existed.  The 
natural  result  is  a  botched  job ;  and  each  successive  watch-repairer 
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treats  it  as  derelict,  and  it  quickly  finds  its  way  to  an  unhonoured 
scrap-heap.  In  tlie  watch  trade  it  is  customary  to  lay  the  blame  on 
the  repairer,  when  a  case  such  as  this  occurs ;  but  the  source  of 
trouble  ought  to  be  sought  much  further  afield.  The  recent  advances 
effected  in  machinery  for  watch-making  have  rendered  it  quite 
practicable  to  make  watches  with  screws  that  will  not  over-turn  with 
any  reasonable  usage. 

Principal  Defects. — The  defects  principally  met  with  in  hand- 
made screws  were  drunken  and  cross-winding  threads,  and  variable 
diameters.  To  these  should  be  added  the  irregularities  which  hand 
work  necessarily  entails.  These  defects  came  mostly  from  the 
absence  of  good  mechanical  methods  for  originating  and  maiataining 
the  standards.  In  the  ordinary  practice  of  watch-making  by  hand 
methods,  it  was  usual  in  commencing  screw-making  to  buy  a  screw- 
plate,  from  which  taps  were  made ;  these  taps  were  then  used  to 
make  the  actual  working  screw-plates,  and  the  latter  generally 
contained  thirty  or  forty  holes.  Out  of  these  holes  those  were 
chosen  which  produced  screws  most  pleasing  to  the  eye.  Other 
master-taps  were  often  taken  from  these  working  plates,  and  used 
for  making  other  working  plates :  no  thought  being  given  to  the  fact 
that  these  successive  stages  evolved  a  standard  quite  different  in  size 
and  pitch  from  that  started  with.  It  will  readily  be  seen  that  the 
only  way  by  which  even  a  moderate  degree  of  accuracy  could  be 
obtained  was  by  fitting  each  series  of  screws  into  holes  in  which 
they  finally  remained,  all  interchange  being  prohibited.  Under  the 
system  of  watch-making  then  in  vogue,  the  result  was  not  so 
disastrous  as  may  now  appear,  because  the  movement-maker  fitted 
the  screws  in  the  rough,  and  no  large  stocks  of  screws  and  movements 
were  necessary :  thus  an  account  could  be  kept  of  each  series  of 
screws,  and  they  could  be  fitted  according  to  the  necessities  of  the 
case.  These  screws  were  hardened  and  polished  separately  by  the 
finisher,  who  put  them  back  into  their  respective  places:  so  that 
no  great  difficulty  arose  through  want  of  interchangeability,  until  the 
watch  got  into  the  repairer's  hands.  Moreover  the  change  from  the 
standard  screw  was  so  gradual  that  it  could  not  be  detected  by  the 
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means  of  measurement  then  used ;  nor  had  the  variation  become  so 
great  as  to  cause  practical  inconvenience  enough  to  condemn  the 
plan. 

Factory  system  for  Screws. — ^With  the  advent  of  the  factory 
system  however,  the  old  methods  became  impossible.  The  finished 
screws  could  not  be  fitted  to  the  watch  in  the  early  stages  of 
manufacture,  because  the  later  operations  would  spoil  the  polish  ; 
nor  could  they  be  economically  fitted  in  the  rough  and  be  afterwards 
polished  by  the  finisher,  because  the  essence  of  the  factory  system 
is  economy  of  skilled  labour.  Large  stocks  of  material  in  each 
dej^artment  are  also  necessary  in  the  factory  system,  because  a  slight 
derangement  of  one  department  brings  the  whole  organisation  to  a 
stand-still  unless  there  be  sufficient  stock  to  fall  back  upon.  Thus 
screws  made  today  may  be  fitted  into  holes  tapped  months  previously 
or  months  later.  To  meet  all  these  contingencies,  nothing  would 
suffice  except  so  making  and  finishing  the  screws  that  any  screw 
should  go  into  any  watch  after  gilding,  without  any  previous  fitting. 
In  effecting  this  change,  the  adoption  of  a  standard  thread  had  first 
to  be  considered  ;  and  secondly,  methods  had  to  be  evolved  fcr 
retaining  this  standard,  so  that  watches  made  today  might  if 
necessary  be  supplied  with  new  screws  made  twenty  years  hence. 

Standard  Screvcs. — The  standard  recommended  by  the  committee 
of  the  British  Association  *  appointed  for  the  purpose  is  the  one 
adopted  by  the  Lancashire  Watch  Co.,  Prescot,  with  which  the 
writer  is  connected ;  and  all  information  with  respect  to  the  standard 
may  be  obtained  from  Professor  M.  Thury's  "  Systematique  des  Vis 
Horlogeres."  It  is  a  V  thread  of  47^°,  rounded  top  and  bottom 
with  a  radius  equal  to  2-llths  of  the  pitch,  Fig.  16,  Plate  116  ; 
and  the  pitch  P  is  directly  related  to  the  diameter  D  by  the 
formula  D  =  6  PK  This  formula  will  of  course  give  an  unlimited 
number  of  sizes ;  and  in  order  to  formulate  a  standard  series  it 
was  decided  to  adopt   the   successive  powers  of   0*9  mm.   for   tlie 

*  Ecport  1SS2,  pages  311-14  ;  and  1SS4,  pages  2S7-93. 
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pitch.  The  index  of  the  power  is  used  as  a  convenient  designating 
number  for  the  screws  :  thus  the  pitch  of  Xo.  6  screw  is  got  by 
raising  0  •  9  mm.  to  the  sixth  j)ower,  the  pitch  being  therefore 
0*53  mm.  and  the  diameter  2*8  mm.  From  the  figures  so  obtained 
in  decimals  of  a  millimetre  a  series  is  got  in  decimals  of  an  inch. 
Some  of  the  screws  so  determined  are  illustrated  in  Fig.  5,  Plate  111, 
magnified  ten  times  full  size. 

Master  Taps. — In  order  to  originate  and  retain  the  standard, 
two  sets  of  master  taps  are  made :  one  set  is  used  for  making  screw- 
dies,  and  the  other  is  reserved  for  producing  dies  for  making 
working-taps  ;  both  sets  are  in  duplicate,  one  set  of  each  being  kept 
for  reference  only.  The  master  taps  are  made  on  a  small  screw- 
cutting  lathe  specially  designed  for  the  work,  having  a  corrected  screw 
which  can  be  depended  upon  for  accuracy  within  practicable  limits. 
The  master  taps  for  screw-dies  are  made  to  the  exact  standard ;  but 
those  for  tap  dies  are  left  sharper  on  the  top,  thus  leaving  them 
nominally  larger  in  diameter  than  the  standard.  When  the 
diameters  are  measured  from  the  sides  of  the  thread,  both  sets 
correspond  with  the  standard ;  but  the  tap  being  larger  than  the 
screw,  a  space  is  left  between  the  top  of  the  screw-thread  and  that  of 
the  hole :  that  is  to  say,  the  female  thread  is  deeper  than  the  male 
thread.  This  space  forms  a  convenient  receptacle  for  any  burr  that 
may  be  j)resent,  but  does  not  interfere  with  the  fit  of  the  screw  in 
the  hole.  While  in  the  soft,  all  the  master  taps  are  left  slightly 
large,  and  without  grooves.  By  hardening  they  become  more  or  less 
distorted  ;  this  defect  is  corrected  by  grinding  the  threads  by  means 
of  a  soft  steel  lap  charged  with  diamond  dust ;  after  which  operation 
the  longitudinal  grooves  are  ground  in.  The  grinding  of  the  screw- 
threads  is  efi'ected  in  the  same  lathe  that  cuts  the  thread.  Instead 
of  the  cutting  tool,  a  small  and  accurately  made  grinder  is  inserted 
in  the  tool-box  of  the  lathe,  and  driven  by  a  band  through  idler 
pulleys.  A  disc  of  soft  steel,  turned  to  the  thread  section  and 
charged  with  diamond  dust,  is  mounted  on  the  end  of  the  grinder 
spindle,  and  traverses  along  the  screw  in  exactly  the  same  way  as 
the  cutting  tool.     The  longitudinal  grooves   are   ground  in  by  the 
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same  arrangement,  but  of  course  tlie  lap  is  of  tlie  proper  section  and 
runs  vertically.  An  index  on  tlie  lathe  spindle  gives  tlie  position 
and  number  of  the  grooves. 

Dies. — The  taps  having  been  got  as  perfect  as  may  be  possible, 
the  next  step  is  to  make  the  dies.  These,  as  is  well  known,  are 
inherently  defective,  as  they  stretch  the  metal  and  thus  alter  the 
pitch  ;  but  as  yet  no  practicable  substitute  for  them  has  been 
devised ;  all  therefore  that  can  be  hoped  to  be  done  is  to  minimise 
their  defects.  Many  attempts  have  been  made  to  get  nearer  to 
cutting  the  thread,  instead  of  squeezing  it ;  but  all  such  operations, 
when  subjected  to  the  inevitable  wear  and  tear  of  daily  use,  have 
been  found  to  result  in  more  irregularity  than  the  simple  tapped 
hole,  in  consequence  of  the  abrasion  of  the  cutting  faces  of  the 
dies,  and  their  gradual  loss  of  cutting  power.  These  remarks  of 
course  apply  to  watch  screws  only,  which  do  not  exceed  0*050  inch 
diameter  with  a  minimum  of  0-010  inch.  The  die  most  in  use 
therefore  is  simply  a  tapped  hole,  which  for  convenience  is  usually 
made  in  the  centre  of  a  small  thin  disc  of  steel.  The  disc  is  made 
small  and  thin,  because  the  less  metal  there  is  surrounding  the  hole, 
the  less  is  the  distortion  produced  by  hardening ;  and  in  addition, 
although  the  die  is  not  split,  yet  the  pressure  exerted  by  the 
die-holder  is  sufficient  to  produce  a  slight  modification  in  the 
diameter  of  the  screw,  provided  the  die  is  small  enough  ;  and  it 
may  be  made  small  enough,  because  the  die-holder  is  so  designed  as 
to  prevent  the  die  from  bursting.  This  adjustment  of  the  die  in  the 
die-holder  is  utilized  to  correct  the  alteration  of  size  caused  by 
hardening  the  die.  After  hardening,  the  dies  usually  open ;  so 
that  they  would  leave  the  screws  too  large  in  diameter.  The 
die-holder,  which  is  a  form  of  step-chuck,  squeezes  the  die  sufficiently 
to  make  up  for  this  enlargement.  When  tapping  the  die,  it  is 
found  best  to  mount  it  in  a  true  step-chuck,  and  bore  the  holo 
true.  A  step-chuck  is  a  chuck  in  which  a  recess  or  "  step  "  has  been 
turned  in  the  face,  of  any  required  diameter.  The  chuck  is  then 
split  longitudinally  in  three  sections,  and  after  being  spring- temperetl 
it  is  ground  true.     A  conical   portion  behind  the  face  corresponds 
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witli  the  conical  mouth  of  the  lathe  spindle ;  and  the  chuck  closes 
when  drawn  into  the  spindle  from  the  back,  thus  securing  any 
article  placed  in  the  step  or  recess.  The  tail  stock  of  the  lathe 
carries  the  tap,  and  is  provided  with  a  traversing  spindle,  on 
which  is  fitted  a  feed-screw  of  the  same  pitch  as  the  tap.  When 
the  tail-stock  spindle  is  revolved,  the  tap  is  thereby  fed"  into  the  die, 
and  so  leaves  a  more  perfect  thread  than  if  the  pitch  of  the  tap 
itself  were  allowed  to  provide  the  feed.  The  tap  dies  are  made  in 
the  same  way ;  and  both  are  used  in  the  screw-making  machines. 

Screwing  Machines. — Of  these  machines  there  are  now  many 
varieties,  some  purely  automatic,  others  partially  so,  and  others 
actuated  by  hand.  As  to  the  relative  merits  of  each,  now  that  the 
factory  system  of  manufacturing  large  quantities  of  one  sort  of 
watch  is  in  vogue,  the  purely  automatic  machines  have  the  advantage. 
Of  these  there  are  many  varieties,  improvements  being  constantly 
made;  and  designs  which  a  few  years  back  would  have  been 
considered  impracticable,  owing  to  the  difiiculty  of  working  to  them, 
are  now  in  daily  use,  as  advances  in  the  art  of  tool-making  applied 
to  watch  machinery  have  been  most  rapid  during  the  last  few  years. 

Slitting. — A  much  debated  point  is  the  advisability  of  including 
the  slitting  of  the  screw-head  in  the  operations  performed  by  the 
screw-making  machines.  The  addition  of  slitting  mechanism 
certainly  increases  the  liability  of  the  machine  to  stoppage,  as 
anything  haj)pening  to  the  slitting  mechanism  necessarily  stops  the 
whole  machine,  and  thus  reduces  the  total  number  of  hours  per 
week  that  the  machine  would  run  without  the  slitting  attachment. 
On  the  other  hand  the  expense  is  entailed  of  picking  up  separately 
each  individual  screw,  and  i)utting  it  into  a  slitting  machine; 
but  upon  so  simple  a  job  the  youngest  girls  in  the  factory  may 
be  employed,  and  with  a  good  slitting  machine  each  girl  can 
get  through  the  product  of  three  screw-making  machines.  Thus 
the  advantage  of  doing  the  slitting  in  the  screwing  machine  itself 
is  at  the  best  only  slight ;  but  however  slight  it  may  be,  it  cannot 
be  despised. 
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Description  of  Screwing  Machine. — In  Plates  108  to  115  is 
shown  a  screw-making  macliine  designed  by  the  writer,  wliich 
embodies  most  of  the  modern  methods,  and  includes  a  slitting 
attachment.  A  description  of  this  machine  will  therefore  cover  the 
principal  features  common  to  automatic  watch-screw  machines, 
rig.  1,  Plate  108,  is  a  face  view  or  front  elevation  of  the  machine, 
drawn  one  quarter  full  size ;  Fig.  3,  Plate  109,  is  a  plan ;  and  Fig.  4> 
Plate  110,  is  a  longitudinal  section  from  front  to  back. 

All  screws  are  cut  from  the  solid  rod  or  wire.  Four  rods  of  any 
desired  length  are  inserted  in  the  hollow  spindles  S,  Fig.  1,  Plate  108, 
which  are  horizontal  and  parallel  to  one  another ;  and  the  machine 
being  then  started  works  unattended  until  it  has  cut  up  the  rods  into 
screws,  complete  with  slits,  when  it  automatically  stops,  until  four 
fresh  rods  are  inserted ;  and  the  operation  is  repeated.  The  use  of 
four  rods,  which  is  the  distinguishing  feature  of  the  machine,  renders 
it  possible  to  have  all  the  four  tools  in  operation  simultaneously. 
It  is  plain  that  turning  down  the  shank  by  the  first  tool  and 
screwing  it  by  the  second  cannot  be  done  together,  where  only  one 
screw  at  a  time  is  being  oj)erated  upon ;  nor  can  the  burr  from 
screwing  be  removed  by  the  third  tool,  and  the  parting  cut  be 
made  by  the  fourth,  until  the  screwing  is  finished.  Therefore  in 
machines  working  uj^on  only  one  rod,  three  at  least  of  the  tools 
must  be  idle,  while  the  fourth  only  is  at  work. 

Lathe  Spindles,  HeadstocJc,  and  Turret. — There  are  four  hollow 
revolving  lathe-spindles  S,  Fig.  1,  Plate  108,  carried  horizontally  in 
the  main  frame  or  headstock,  which  is  a  box  casting.  As  shown 
full  size  in  Fig.  6,  Plate  111,  each  of  these  spindles  runs  in  hardened 
and  ground  bearings,  and  is  provided  with  friction  driving-cones  F, 
and  automatic  chuck.  This  combination  allows  of  the  rotation  of 
the  spindle  being  stopped  at  will,  and  also  of  the  rod  or  wire 
being  released  when  required,  for  feeding  forward.  The  four 
spindles  are  driven  by  a  belt  which  passes  continuously  round 
the  driving  pulley  on  each  si)indle  in  succession.  Fig.  1,  Plate  108. 
They  are  placed  at  equal  distances  apart,  and  concentric  with  a 
horizontal  revolving  turret  T,  upon  which  are  mounted  the  four 
operating   tools.     This   turret   has  a  step   by  step  rotation   in   the 
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directiou  of  the  arrow,  througli  a  quarter  of  a  revolution  at  eacli 
step,  thereby  bringing  the  tools  round  into  such  a  jwsition  that  each 
tool  acts  successively  upon  each  screw.  In  the  position  shown  in 
Fig.  1,  the  first  tool  is  turning  down  the  shank  of  the  screw  in  the 
lathe  at  the  right-hand  top  corner ;  the  second  tool  carrying  the 
screwing  die  is  cutting  the  thread  on  the  screw  in  the  right-hand 
bottom  lathe ;  the  third  tool  is  removing  the  burr  from  the  thread  of 
the  screw  in  the  left-hand  bottom  lathe ;  the  fourth  tool  has  just 
given  the  parting  cut  to  the  screw  in  the  left-hand  top  lathe  ;  and  in 
the  centre  of  the  turret  this  same  screw  is  now  having  the  slit  cut  in 
its  head  by  the  slitting  saw,  to  which  it  has  been  brought  by  the 
quadrantal  carrier  Q. 

Through  the  centre  of  the  turret  runs  the  cam  shaft,  Fig.  4, 
Plate  110,  from  which  all  the  four  tools  are  actuated  ;  it  is  driven  at 
a  uniform  speed  by  a  worm  and  worm-wheel  at  the  back  end.  One 
revolution  of  the  cam  shaft  completes  a  screw ;  and  the  following 
quarter  revolution  is  occupied  in  carrying  the  turret  round  through 
the  next  quadrant,  when  the  operations  of  the  four  tools  are  repeated. 
Thus  five  revolutions  of  the  cam  shaft  make  four  screws,  a  quarter 
revolution  of  the  turret  being  utilized  to  open  the  chuck.  Fig.  6, 
and  feed  the  wire  forward  for  the  next  screw.  The  opening  of  the 
chuck  is  effected  by  the  cams  CC,  Fig.  1,  carried  on  the  turret,  which 
strike  in  turn  each  of  the  four  levers,  L  pivoted  on  the  main  frame. 
These  levers  act  upon  other  levers,  which  in  turn  are  in  contact 
with  the  face  of  the  male  friction-cone  F,  Fig.  6,  driving  the  hollow 
spindle.  A  slight  motion  of  the  levers  sufiices  to  throw  the  friction 
cones  out  of  action,  and  stops  the  lathe  ;  and  a  still  further  motion  of 
the  levers  pushes  the  friction  cone  against  the  spring-disc  D,  thereby 
releasing  the  grip  of  the  chuck  on  the  wire  or  rod.  The 
arrangement  which  strops  the  machine  when  the  rod  or  wire  is 
used  up  is  also  actijated  by  the  motion  of  the  turret,  as  will  be 
described  later  on. 

Turning  and  Scr-eicing. — The  three  turning  tools  are  made  in  the 
form  of  circular  di;.scs,  as  shown  in  Fig.  1,  Plate  108,  turned  on  the 
periphery  to  the  section  required,  so  that  they  may  be  ground 
economically  without  si^oiling  their  shape;  circular  cutters  also  go 
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back  into  the  macliine  exactly,  no  resetting  being  required.  These 
three  cutters  are  carried  on  straight  slides  mounted  radially  on  the 
face  of  the  turret,  and  receive  their  feed  directly  from  the  three 
cams  A,  Fig.  4,  through  adjustable  connections  J,  Fig.  1,  which 
supply  the  means  for  setting  the  cutters  so  as  to  turn  to  the  correct 
diameter.  The  screwing  arrangement  is  connected  with  a  cam  B. 
Fig.  4,  at  the  back  of  the  machine,  by  means  of  a  horizontal  shaft 
running  through  the  turret:  in  Fig.  7,  Plate  112,  drawn  half 
full  size,  in  which  the  turret  is  supposed  to  be  transparent,  it 
is  seen  that  the  cam  is  so  shaped  as  to  give  a  reciprocating 
motion  to  a  pivoted  quadrant,  which  is  geared  into  a  pinion  on 
the  shaft  in  the  turret,  and  so  gives  a  reciprocating  rotary  motion 
to  the  shaft ;  the  latter  is  in  turn  geared  to  the  die  spindle  E, 
as  shown  full  size  in  Fig.  8,  which  thus  receives  a  forward 
motion  for  running  the  die  on  to  the  screw,  and  a  backward  motion 
for  running  it  off.  The  die  sj)indle  is  also  mounted  in  a  sliding 
head  H,  which  slides  in  a  direction  parallel  to  the  axis  of  the 
screw.  This  sliding  motion  is  controlled  by  a  leading  screw 
which  is  geared  to  the  die  spindle  through  a  series  of  change 
gears,  much  the  same  as  in  an  ordinary  screw-cutting  lathe. 
Thus  the  recij)rocating  motion  of  the  quadrant  not  only  imparts 
circular  motion  to  the  die,  but  through  the  change  wheels  and 
leading  screw  gives  also  a  longitudinal  motion  corresponding  with 
the  pitch  required. 

Slitting  Saw. — The  slitting  saw  is  carried  in  a  frame  G,  Figs.  1 
and  4,  Plates  108  and  110,  secured  on  one  end  of  a  rocking  shaft 
which  runs  through  the  turret  horizontally,  parallel  to  the  main 
shaft.  On  the  back  end  of  the  rocking  shaft  is  an  arm  carrying 
a  roller,  which  engages  with  the  slitting  cam,  as  shown  half  full 
size  in  Figs.  9  and  11,  Plate  113.  The  cam  is  so  shaped  as 
to  give  a  slow  forward  rocking  motion  to  the  slitting  frame,  and 
a  quick  return.  At  the  moment  that  the  saw  is  cutting  the  slit, 
the  saw  spiudlo  is  approximately  concentric  with  the  turret ;  this 
arrangement  is  made  in  order  that  the  driving  cord  shall  not  be 
affected  by  the  revolution  of  the  turret. 
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Screio  Carrier.— The  quadrantal  carrier  Q,  Figs.  1  and  4,  Plates 
108  and  110,  whicla  conveys  tlie  screw  from  the  parting  tool  to 
the  slitting  saw,  lias  five  distinct  motions.  It  carries  a  split 
chuck,  tapped  to  correspond  with  the  screw.  Normally  the  chuck 
is  held  closed  by  a  spring  I,  Fig.  9,  Plate  113,  drawing  it  into 
a  taper  hole.  When  thus  closed  it  runs  on  to  the  revolving  screw, 
which  has  previously  been  nearly  parted  from  the  rod  by  the  fourth 
tool.  When  the  shoulder  of  the  screw  jams  against  the  face  of 
the  chuck,  it  twists  the  screw  off,  and  leaves  it  in  the  carrier,  which 
is  in  the  outer  position  shown  in  Fig.  9.  The  carrier  then  has 
a  short  horizontal  longitudinal  motion  away  from  the  lathe  spindle, 
and  a  transverse  quadrantal  motion  towards  the  slitting  saw, 
assuming  the  inner  position  shown  dotted  in  Fig.  9.  After  the 
short  longitudinal  movement  is  completed,  and  before  the  quadrantal 
movement  commences,  the  carrier  chuck  makes  a  quarter  turn  on  its 
arm,  which  brings  it  at  right  angles  to  the  lathe  spindle,  and  therefore 
ready  for  the  slitting  saw  to  act.  After  the  slitting  is  completed,  the 
motions  are  reversed;  the  carrier  chuck  first  resumes  its  position 
jjarallel  to  the  lathe  spindle,  and  then  returns  for  the  next  screw. 
During  the  return  motion  the  chuck  levers  engage  with  a  fixed 
cam  K  on  the  turret,  thus  opening  the  chuck,  and  thrusting  the 
complete  screw  out  of  the  chuck  into  a  recess  made  for  the  purpose. 
All  the  movements  of  the  carrier  are  got  from  two  cams  M  and  N, 
also  at  the  back  of  the  machine.  The  first  cam  M  is  a  face  cam, 
Fig.  4,  which  through  a  lever  connection  gives  the  short  longitudinal 
forward  movement ;  and  the  second  cam  N,  Fig.  12,  Plate  114,  through 
a  quadrant  and  pinion  gives  the  turning  and  quadrantal  movements. 
The  turning  of  the  carrier  chuck,  from  a  position  parallel  to  the 
lathe  spindle  to  one  at  right  angles  to  it,  is  got  from  the  rocking 
movement  of  the  longitudinal  shaft  P  in  the  turret.  The  carrier 
chuck  is  carried  on  the  end  of  a  second  shaft  Q,  Fig.  9,  parallel  to 
the  face  of  the  turret,  and  mounted  in  a  frame  ;  this  frame  is  carried 
on  the  end  of  the  longitudinal  rocking  shaft  P,  and  is  free  to  revolve 
about  the  latter,  while  the  carrier-chuck  shaft  Q  is  also  free  to 
revolve  in  the  frame.     The  two  shafts  are  connected  by  a  pair  of 
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mitre  wheels.  It  is  thus  plain  that  any  circular  motion  given  to 
the  longitudinal  rocking  shaft  P  must  either  rotate  the  carrier-chuck 
shaft  Q  or  revolve  the  whole  arrangement.  In  order  to  obtain  each 
of  these  two  motions  in  succession,  two  springs  are  planted  on  the 
turret  so  as  to  engage  with  the  carrier  frame.  One  of  these  at  first 
holds  the  carrier  frame,  so  as  to  prevent  it  from  revolving;  the 
longitudinal  shaft  P  then  revolves  independent  of  it,  and  through 
the  mitre  wheels  rotates  the  carrier  chuck  Q.  When  the  chuck  has 
made  the  necessary  quarter  turn,  a  stop  E,  Fig.  10,  prevents  any 
further  rotation  of  the  chuck  shaft  Q ;  and  the  pressure  continuing, 
the  holding  spring  is  overcome,  and  the  quadrantal  movement  travels 
the  chuck  inwards  to  the  slitting  saw. 

Feed. — After  each  screw  is  taken  from  the  wire  or  rod,  the  latter 
has  to  be  fed  forward  through  the  lathe  chuck  through  a  sufficient 
distance  for  making  another  screw.  The  mechanism  for  effecting  this 
consists  of  a  hollow  feed-chuck,  Fig,  6,  Plate  111,  which  passes  into 
the  lathe  spindle  from  the  back.  The  front  end  of  this  feed  chuck  has 
three  longitudinal  slots,  extending  about  2^  inches  in  length,  thus 
forming  three  spring-fingers  closed  in  at  the  nose  so  as  to  grip  the 
rod  lightly.  When  the  main  chuck  is  gripping  the  rod  more  tightly, 
the  feed  chuck  is  pulled  backwards  by  a  cam  and  lever  U,  Fig.  4, 
and  slips  along  the  rod.  As  soon  as  the  main  chuck  opens,  the 
feed  chuck  springs  forward,  carrying  the  rod  with  it.  The  openin" 
of  the  main  chuck  takes  place  during  the  quarter  revolution  of  the 
turret ;  and  the  wire  springing  forward  abuts  against  an  adjustable 
stop  W,  Fig.  1,  carried  on  the  turret.  This  stop  is  planted  in  such  a 
position  on  the  turret  as  to  continue  opposite  the  end  of  the  lathe 
spindle  all  the  time  that  the  chuck  is  open.  When  the  feed  stop  W 
has  passed  over  the  end  of  the  lathe  spindle,  the  wire  projecting 
from  the  face  of  the  chuck  engages  with  the  tail  of  a  click  V, 
and  so  prevents  the  click  from  catching  in  a  loose  concentric  ring  Y, 
Fig.  12,  Plate  114,  immediately  at  the  back  of  the  turret.  This  loose 
ring  is  connected  by  levers  to  the  striking  gear  of  the  countershaft. 
If  the  click  V  were  not  held  away  from  the  loose  ring,  it  would  engage 
in  one  of  four  slots  or  notches  cut  across  the  inner  rim  of  the  ring, 
and  so  would  carry  the  ring  round  with  the  turret,  thereby  throwing 
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the  strap  upon  the  loose  pnlley.  When  the  rod  is  all  used  up,  no 
wire  is  fed  forward  ;  the  click  V  being  therefore  not  held  away 
engages  in  the  loose  ring  Y,  and  the  machine  stops. 

notation  of  Turret. — The  means  by  which  the  step  by  step 
rotation  is  given  to  the  turret,  through  a  quarter  of  a  revolution  at 
each  step,  is  shown  one-third  full  size  in  Figs.  13  to  15,  Plate  115. 
The  locking  slide  S,  carried  in  a  radial  recess  in  the  body  of  the 
turret,  has  a  V  shaped  notch  in  its  outer  end,  for  engaging  successively 
with  each  of  the  four  radial  taper  stops  T  in  the  headstock,  towards 
which  it  is  pressed  outwards  by  a  spring  at  the  back.  In  each 
revolution  of  the  main  driving  shaft  the  cam  C  strikes  the  lug  L 
on  the  inner  end  of  the  slide,  and  draws  the  slide  inwards,  clear  of 
the  stop  T,  Fig.  14.  In  this  position  it  is  held  back  by  the  nose 
of  the  side  click  K,  against  the  outward  pressure  of  the  sj)ring,  after 
the  tip  of  the  cam  C  has  cleared  the  lug  L.  The  opposite  cam  D 
now  comes  against  the  lug  G,  and  carries  the  slide  and  turret  round 
through  a  quarter  of  a  revolution  to  the  next  stop  T.  Just  before 
reaching  this  position,  the  tail  of  the  click  E,  Fig.  15,  striking 
against  the  stop,  releases  the  slide,  which  is  immediately  thrown 
into  action  by  the  spring,  and  again  locks  the  turret  in  its  new 
j)osition,  while  the  main  driving  shaft  makes  another  complete 
revolution. 

Slit. — The  width  and  shape  of  the  slit  in  the  screw  head  are 
not  unimportant  matters.  Until  recently  it  was  usual  simply  to  run 
a  saw  through  the  screw  heads,  thereby  forming  a  slit  with  parallel 
sides ;  whilst  for  the  better  classes  of  work  the  external  corners  of 
the  slit  were  filed  off  during  polishing,  in  order  to  retain  the  good 
appearance  of  the  screw,  because  otherwise  the  screw-driver  bore 
against  the  sharp  edges  and  threw  up  a  burr.  It  is  now  customary 
to  make  the  slits  of  a  width  proportional  to  the  diameter  of  the 
thread,  and  to  use  a  cutter  whose  sides  are  inclined  to  the  centre 
line  at  an  angle  of  about  5°,  or  IC  over  all. 

Screio-driver. — It  was  also  found  necessary  to  wage  war  against 
the  "  handy"  screw-driver,  which  was  mostly  made  from  the  first  piece 
of  steel  picked  up ;  and  a  pair  of  flats  were  then  filed  on  it  in  the 
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usual  liurry.  Screw-drivers  are  now  made  witli  standard  taper  holes 
and  loose  tajiers,  the  latter  being  made  economically  in  large 
quantities  to  the  same  taper  as  the  slit.  If  a  screw-driver  breaks 
down,  a  new  taper  is  at  once  inserted  ;  a  frequent  cause  of  botching 
is  thus  removed.  The  screw-drivers  are  designed  so  that  no  more 
power  can  be  used  than  is  just  enough  to  drive  the  screw  home  ;  and 
the  narrowness  of  the  slit  prevents  a  large  and  powerful  screw- 
driver from  being  used  on  a  small  screw. 

PolisMng. — The  methods  of  polishing  are  various,  and  depend 
largely  upon  the  style  and  quality  of  the  watch  for  which  the  screws 
are  intended.  If  flat  heads  are  required,  two  or  three  hundred 
screws  at  a  time  are  mounted  in  a  series  of  holes  in  a  plate,  and 
are  ground  and  polished  on  a  vertical  grinding  mill,  which  in 
appearance  is  much  like  an  ordinary  drill-press ;  but  the  bottom 
table  revolves  and  is  placed  eccentrically  to  the  toj)  spindle.  The 
latter  is  weighted  so  as  to  exert  a  downward  pressure  on  the  bottom 
table ;  and  carries  an  arm  fitted  with  a  male  centre,  which  is  put 
into  a  corresponding  female  centre  in  the  back  of  the  plate  of  screws, 
thus  pressing  the  screw-heads  down  upon  the  bottom  table,  which  is 
supplied  with  polishing  material.  The  motions  of  the  arm  and  table 
are  always  in  opj)osite  directions ;  and  the  two  s^iindles  are  so 
arranged  that  each  part  of  the  whole  surface  of  the  bottom  table 
has  contact  with  the  screws  in  turn.  Where  round  heads  are 
required,  the  screws  are  put  into  holes  drilled  radially  into  a  half 
sphere  on  the  nose  of  a  lathe  spindle,  and  are  then  ground  and 
polished,  which  gives  them  a  spherical  contour.  Many  machines  are 
also  in  use  for  doing  the  screw-heads  separately ;  these  undoubtedly 
give  the  best  results,  because  any  burrs  left  from  the  slitting  are 
more  efiectually  removed.  When  screw-heads  of  slightly  conical 
shape  are  required,  they  are  economically  formed  by  polishing  three 
together.  Each  screw  is  mounted  in  a  separate  spindle,  three  of 
which  are  arranged  in  the  form  of  a  triangle ;  then  by  throwing  the 
spindles  out  of  parallel,  or  by  varying  their  length,  and  by  using  a 
polishing  disc  wliich  adjusts  itself  on  all  three,  the  desired  conical 
head  is  obtained. 

2  u 
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Conclusion. — For  iutroduciug  so  many  small  details  into  this 
23aper  the  writer's  excuse  must  be  that  these  seeming  trivialities  have 
an  obstinate  habit  of  taking  up  a  most  uncompromising  attitude,  and 
blocking  the  road  which  leads  to  success.  The  modern  watch-factory 
is  indeed  the  result,  not  so  much  of  a  brilliant  effort  of  genius,  as  of 
the  j)erseverance  of  many  minds  persistently  bent  on  carrying  their 
ideas  to  a  successful  issue. 


Discussion. 


Mr.  Hewitt  pointed  out  that  in  the  drawings  of  the  machine  the 
four  spindles  were  placed  in  the  corners  of  a  square,  of  which  the 
sides  were  horizontal  and  vertical ;  but  in  the  machine  now  shown 
that  arrangement  had  been  altered  by  shifting  the  sjiindles  through 
45°,  so  that  they  were  here  placed  in  the  corners  of  a  square  of 
which  the  diagonals  were  horizontal  and  vertical.  The  object  of 
the  change  was  to  suit  the  driving  tackle,  which  in  a  watch  factory 
was  nearly  always  placed  overhead  ;  and  this  machine  had  to  be 
driven  from  overhead.  The  design  shown  in  the  drawings  had  been 
got  out  for  the  machine  to  be  driven  from  underneath.  The 
alteration  did  not  involve  any  change  at  all  in  principle,  being 
simply  a  matter  of  detail.  Another  alteration  was  that,  instead  of 
the  turret  receiving  its  quarter  revolution  through  the  cam  shaft, 
as  described  in  the  paper  and  shown  in  the  drawings,  an  additional 
worm  and  wheel  were  introduced  with  the  object  of  revolving  the 
turret  independently  of  the  cam  shaft.  This  wormwheel  was  cut  on 
the  periphery  of  the  turret,  and  was  actuated  by  a  worm  fixed  uj)on 
a  shaft  which  was  driven  by  a  round  band  in  a  grooved  pulley. 
"When  the  turret  was  locked  at  rest,  the  band  slipped  on  the  pulley ; 
and  when  the  unlocking  cam  released  the  turret  slide,  the  turret 
revolved  at  a  slightly  slower  rate  than  the  cam  shaft.  This  difference 
of  speed  gave  the  unlocking  cam  time  to  get  out  of  gear  with  the  lug 
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on  tlie  slide,  thereby  allowing  the  slide  to  engage  with  the  next  stoiJ, 
which  locked  the  turret  securely  until  the  cam  shaft  had  made  a 
complete  revolution  and  had  again  released  the  locking  slide.  The 
object  of  this  alteration  was  to  relieve  the  excessive  strain  that  was 
put  upon  the  cam  shaft  and  its  worm  and  wheel  in  releasing  the 
chucks  during  the  revolution  of  the  turret. 

The  PiiEsiDENT  observed  that  the  subject  of  the  paper  raised 
a  considerable  variety  of  questions,  connected  not  only  with  the 
highly  ingenious  and  elaborate  machine  now  exhibited,  but  also  more 
generally  with  the  standardizing  of  very  small  screws. 

Mr.  Thomas  Buckney,  having  had  the  honour  of  serving  on 
the  screw-gauge  committee  of  the  British  Association  in  1882-4, 
congratulated  the  author  on  having  adopted  the  British  Association 
threads,  which  he  believed  he  had  himself  been  the  first  manufacturer 
to  use.  The  present  threads  had  been  originated  at  the  instigation 
of  Mr.  Preece,  who  had  been  the  president  of  the  committee ;  and  he 
believed  it  was  in  order  to  supply  the  wants  of  the  Post  Office  that 
the  committee  had  been  appointed.  The  Post-Office  authorities  had 
experienced  great  inconvenience  in  their  telegraj)hic  instruments 
from  the  multiplicity  of  the  pitches  of  the  screws,  and  they  thought 
it  would  be  highly  desirable  to  have  a  uniform  gauge.  Although  he 
had  himself  been  in  the  minority  in  not  agreeing  altogether  with  the 
decision  arrived  at  by  the  committee,  he  had  loyally  accejited  their 
decision.  He  should  much  have  preferred  the  adoption  of  the 
Whitworth  form  of  thread,  and  the  British  inch  as  the  unit  of 
measure.  The  committee  however  had  adojited  the  metric  system, 
and  there  was  nothing  to  do  but  to  bow  to  their  decision.  He  had 
used  these  screw-threads  for  a  number  of  years,  and  was  perfectly 
satisfied  with  them.  The  series  was  an  exceedingly  good  one. 
The  screws  were  strong,  useful,  and  readily  made ;  and  as  far  as  he 
knew  they  were  better  than  any  that  had  preceded  them.  The 
screws  he  was  using  had  been  originated  he  believed  at  the  expense 
of  the  Post  Office,  and  had  been  made  by  Mr.  Lchmann,  who  at  one 
time   had   been   foreman    or    works    manager    to    Mr.    Stroh.      In 
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(Mr.  Thomas  Buckne}'.) 

originating  these  threads  Mr.  Lehmaun  had  been  extremely  careful! 
and  painstaking,  and  had  certainly  produced  a  very  good  series  of 
threads.  He  had  not  been  aware  that  any  other  screw  manufacturer 
had  originated  these  threads  independently,  until  he  learned  from 
the  paper  that  the  author  had  done  so.  It  would  be  exceedingly 
interesting  he  thought  to  compare  the  two  sets  of  screws  thus  worked 
out  independently,  and  to  see  whether  the  pitches  and  sizes  were 
identical ;  the  size  was  of  course  much  more  easily  measured  than 
the  pitch.  The  system  of  screws  adopted  by  the  British  Association 
committee  he  believed  was  practically  that  arranged  by  Professor 
Thury  of  Geneva  ;  for  the  gauge  at  present  in  use,  known  as  the 
British  Association  gaugp,  was  almost  identical  with  the  gauge 
which  had  been  introduced  by  a  Swiss  committee  presided  over  by 
Professor  Thury.  The  latter  gentleman  had  followed  the  same 
course  that  Sir  Joseph  Whitworth  did  :  he  had  collected  a  great 
number  of  screws  from  the  best  makers,  and  had  established  a 
gauge  based  on  the  screws  most  generally  used,  so  far  as  regarded 
the  pitches  for  the  various  sizes  of  screws.  The  British  Association 
committee  had  practically  adoiDted  his  system,  making  only  a  small 
difference  in  the  shape  of  the  thread.  In  Professor  Thury's  thread 
the  bottom  of  the  thread  of  the  tap  was  rounded  out  with  a  smaller 
curve  than  the  top,  the  object  being  to  give  the  thread  of  the 
nut  additional  strength.  As  a  matter  of  fact,  in  the  small 
instruments  for  which  those  screws  were  designed  and  were  in 
use,  there  was  practically  no  nut.  The  screws  themselves  were 
generally  tapped  into  some  plate  of  the  instrument  itself.  The 
so-called  nuts  or  holes  therefore  could  not  be  replaced ;  and  it 
was  consequently  thought  desirable  to  give  the  base  of  the  thread 
that  larger  rounded  form,  with  greater  strength  than  in  the  screw, 
so  as  to  resist  wear  longer,  because  a  new  screw  could  be  put 
in  much  more  easily  than  a  new  plate.  The  British  Association 
committee  had  adopted  a  rounding  which  was  equal  at  the  top  and  the 
bottom  of  the  thread ;  that  was  the  only  difference  they  had  made, 
he  believed.  The  pitch  was  referred  to  the  diameter  by  the  same 
formula ;  the  angle  of  inclination  of  the  thread  was  the  same  ;  and 
beyond  the  alteration  in  the  rounding  of  the  thread  he  himself  saw 
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Qo  difference.  In  tlie  Wliitwortli  thread  the  angle  of  inclination 
was  55°,  and  in  the  Swiss  thread  and  the  British  Association 
thread  47^^°.  In  the  Whitworth  thread  one-third  of  the  height  was 
rounded  off  from  the  triangle  which  would  be  formed  by  the  thread, 
namely  one-sixth  at  the  top  and  one-sixth  at  the  bottom,  leaving  the 
depth  of  the  thread  about  two-thirds  of  the  pitch.  In  the  Swiss 
thread  the  depth  was  three-fifths  of  the  pitch  ;  the  top  was 
rounded  off  with  a  radius  of  one-sixth  of  the  pitch,  and  the  bottom 
with  a  radius  of  one-fifth  of  the  pitch.  In  the  British  Association 
thread  both  the  top  and  the  bottom  were  rounded  oft'  with  a  radius 
equal  to  two-elevenths  of  the  pitch. 

The  taper  slitting  of  the  screw  heads  he  thought  was  a  decided 
improvement  (page  484).  He  had  himself  slit  screws  with  a 
parallel  saw,  and  used  a  screw-driver,  which  was  not  exactly  a  taper, 
but  was  slightly  hollowed  out  on  each  face  so  as  to  get  the  part 
almost  parallel  that  went  into  the  screw  slit.  The  taper  slitting  of 
the  screw  heads  seemed  to  him  to  be  an  improvement  of  great 
importance.  There  appeared  to  be  an  immense  amount  of  ingenuity 
in  the  machine  described  in  the  paper,  and  he  had  no  doubt  that  it 
performed  its  work  well,  otherwise  it  would  not  have  been  now 
exhibited  for  examination. 

The  grinding  of  the  screw-threads,  or  the  polishing  of  the 
threads  of  the  tap,  was  stated  in  the  paper  (page  476)  to  be  effected  in 
the  same  lathe  that  cut  the  thread  ;  but  instead  of  the  cutting  tool  a 
small  and  accurately  made  grinder  was  inserted  in  the  tool-box  of 
the  lathe,  and  driven  by  a  band.  The  edge  of  such  a  revolving 
grinder  must  of  course  have  some  inclination  depending  ujion  the 
j)itch  of  the  thread  ;  and  it  appeared  to  him  that  by  its  revolution 
it  must  distort  the  thread  to  some  extent.  It  would  indeed  move 
forward  according  to  the  jiitch  of  the  screw  ;  but  the  inclination 
or  angle  of  the  pitch  at  the  bottom  of  the  thread  was  different  from 
that  at  the  top  of  the  thread.  If  a  mean  were  adoj^ted  by  taking  tlio 
inclination  at  the  middle  of  the  thread  as  the  angle  of  inclination  for 
the  grinder,  there  would  be  a  slight  error  at  the  toji  and  bottom  of 
the  thread  ;  and  he  should  like  to  know  how  that  difliculty  had  been 
overcome. 
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Mr.  James  E.  Daebishire  asked  wlietlier  any  of  the  screws  were 
tempered  or  hardened  after  cutting,  and  if  so  whether  the  thread 
was  distorted  thereby.  He  did  not  know  whether  it  was  the  practice 
in  watch-making  to  harden  the  screws  ;  and  if  it  were,  it  would  be 
interesting  to  learn  to  what  extent  the  thread  would  be  altered  in 
the  process. 

Mr.  Brtax  Donkin  thought  it  would  be  interesting  to  know  the 
number  of  revolutions  made  by  the  machine  per  minute,  the  output 
per  minute  for  certain  sizes  of  screws,  the  average  speed  for  the 
different  sizes,  and  how  many  machines  were  at  work. 

Mr.  William  Taylor  said  his  interest  in  screw-making  had  been 
in  connection  with  larger  screws  than  those  with  which  the 
manufacture  of  watches  was  concerned.  As  a  member  of  the 
standards  committee  of  the  Photographic  Society  of  Great  Britain 
he  had  been  interested  in  securing  amongst  makers  of  i^hotographic 
lenses  the  adoption  of  common  standard  screws  for  the  attachment 
of  their  lenses  to  cameras ;  and  as  a  manufacturer  of  lenses  at 
his  firm's  works  in  Leicester  he  had  taken  an  active  part  in 
developing  appliances  for  securing  free  interchangeability,  real  and 
effective,  of  the  screws  made  for  that  j)urpose.  For  photographic 
lenses,  as  in  the  case  of  the  smaller  screws  for  watches,  it  was 
necessary  that  the  screws  should  always  go  together  without  the 
need  of  applying  extra  force.  The  problems  involved  in  securing 
such  free  interchangeability  of  screws  were  really  complex  ;  but  the 
condition  upon  which  the  free  interchangeability  of  screws  depended 
was  simple.  There  was  indeed  one  condition  alone :  namely  that 
every  male  screw  should  be  at  least  as  small  as  the  standard,  and 
every  female  screw  at  least  as  large  as  the  standard.  The  title  of 
the  paper  had  led  him  to  hope  that  the  author  would  have  said  a 
good  deal  more  about  his  methods  of  originating  these  forms  of 
thread,  and  of  measuring  them ;  because  on  a  real  and  true 
understanding  of  the  methods  of  originating  and  measuring  forms 
of  thread  would  depend  the  success  realised  in  securing  free 
interchangeability  of  screws.      Electrical   and    optical    instrument 
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makers,  a  large  and  important  body  of  manufacturers  wlio  had 
adopted  the  British  Association  screws,  well  knew  from  experience 
the  great  difficulty  of  getting  really  interchangeable  screws.  So 
far  as  he  had  heard,  they  generally  complained  that  the  screws  varied 
in  size  sufficiently  to  introduce  the  difficulty  that,  when  a  hole  which 
might  fairly  be  considered  a  standard  hole  had  been  tapped  in  a 
piece  of  metal,  nominally  standard  screws  might  be  met  with,  which 
required  extra  forcing  into  that  hole.  The  system  which  he  had 
developed  at  his  firm's  works  at  Leicester  of  securing  free 
interchangeability  amongst  screws  depended  on  the  principle  just 
defined,  that  every  male  screw  should  be  at  least  as  small  as  the 
normal  size,  and  every  female  screw  at  least  as  large  as  the  normal. 
For  better  illustrating  the  way  in  which  this  was  done,  he  had 
brought  one  of  the  standard  screws  for  lens  fittings,  nominally 
two  inches  full  diameter,  which  was  cut  in  the  way  that  all  the 
screws  were  cut  at  Leicester,  to  fit  the  flat  calliper  gauge  exhibited. 
This  was  seen  to  be  a  double  calliper  gauge,  as  shown  full  size 
in  Fig.  19,  Plate  116 ;  after  it  had  been  hardened,  the  space 
between  the  jaws  FF  on  one  side  had  been  ground  out  accurately 
to  two  inches,  and  the  space  between  the  jaws  SS  on  the  other 
side  to  exactly  one-thousandth  of  an  inch  less  than  two  inches. 
The  workman  who  cut  the  screws  had  to  make  each  pass  through 
the  gauge  on  the  side  F  that  measured  two  inches,  without  any 
jamming  whatever ;  and  it  must  not  pass  through  the  other  side  S. 
In  that  way  all  the  screws  were  made  correct  to  one-thousandth 
of  an  inch,  on  a  jn-inciple  which  secured  free  interchangeability, 
provided  sufficient  care  had  been  taken  to  ensure  that  the  form  of  the 
thread  was  correct.  With  this  sort  of  calliper  gauge  the  diameter 
of  the  screw  was  measured  only  on  the  crests  of  its  thread  ;  and  if 
steps  were  taken,  as  could  be  done,  to  ensure  that  the  form  of  the 
thread  should  be  correct,  or  at  any  rate  that  the  thread  should  be 
slightly  too  thin  rather  than  slightly  too  thick,  a  screw  was  attained 
which  was  perfectly  and  truly  interchangeable  with  other  standard 
screws  similarly  made.  As  a  j)roof  that  this  system  of  working  was 
satisfactory,  it  might  be  mentioned  that  his  firm  had  had  it  in  use 
about  three  years,  and  had  made  in   this  way  thousands  of  screws. 
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wMcli  wlien  fitted  together  must  have  formed  many  millions  of 
combinations;  and  never  once  had  a  case  been  reported  of  two 
screws  failing  to  come  together  freely,  and  never  had  there  been  an 
amount  of  shake  exceeding  two-thousandths  of  an  inch.  Apart  from 
such  minute  work  as  standard  screws  for  machine-made  watches,  or 
even  the  larger  screws  he  had  mentioned  for  photographic  apparatus, 
it  appeared  to  him  that,  if  in  common  bolts  and  nuts  perfect 
interchangeability  were  ever  going  to  be  attained,  this  could  be  done 
only  by  working  on  the  principle  he  had  defined.  Having  attended 
the  recent  summer  meeting  of  the  Institution  in  Manchester,  he  had 
had  the  good  fortune  to  be  one  of  the  visitors  to  Prescot  who  were 
shown  round  that  highly  interesting  factory  by  the  author  of  the 
pajier ;  and  he  could  bear  his  testimony  to  the  wonderful  skill 
displayed  in  designing  not  only  the  machine  now  described  and 
exhibited,  but  also  a  large  variety  of  other  tools  almost  as 
complicated.  How  such  a  vast  amount  of  work  had  been  done  he 
could  not  understand ;  and  he  should  much  like  to  know  something 
of  the  way  in  which  the  author  had  managed  to  get  through  it  all. 

The  Peesidext  asked  what  were  approximately  the  pitches  and 
other  dimensions  of  the  threads  in  the  photographic  screws,  in  order 
that  these  might  be  compared  with  those  in  the  watch  screws. 

Mr.  Tatlor  replied  that  the  series  of  screws  originated  by  the 
standards  committee  of  the  Photographic  Society  were  based  on  the 
Enslish  inch,  with  the  "Whitworth  form  of  thread,  and  varied 
in  diameter  from  one  inch,  which  was  the  smallest,  up  to  any  size. 
The  diameter  advanced  from  1  inch  by  quarters  of  an  inch  up  to 
2^  inches,  then  by  half  an  inch  up  to  4  inches,  and  onward  from 
that  diameter  by  inches.  The  pitch  of  the  screws  in  all  the  sizes 
smaller  than  3^  inches  diameter  was  constant,  namely  twenty-four 
threads  to  the  inch  ;  for  3^  inches  and  all  larger  diameters  the  pitch 
was  twelve  threads  to  the  inch. 

About  the  degree  of  accuracy  obtained  in  forming  the  screw  taps, 
not  much  had  been  said  in  the  paper  ;  and  from  his  own  experience 
he  considered  it  was  not  at  all  a  simjile  matter  to  originate  a  screw 
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thread  correctly  in  respect  to  its  form.  In  forming  the  chasers  with 
which  his  screws  were  cut,  he  was  content  if  the  chaser  was  correct 
to  one  ten-thousandth  of  an  inch.  This  was  for  work  however  which 
was  comparatively  coarse  ;  and  for  watch  screws  he  presumed  that 
greater  accuracy  was  obtained.  This  was  a  highly  important  matter  ; 
because,  although  it  was  comparatively  simple  to  make  screws 
interchangeable  in  any  one  factory,  it  was  a  different  thing  to  make 
screws  interchangeable  in  different  factories  when  the  only  means  of 
comparison  lay  in  original  standards  of  length,  and  there  was  no 
means  of  comparing  the  taps  and  the  other  actual  embodiments  of 
those  standards. 

Sir  Frederick  Bramwell,  Bart.,  Past-President,  had  no  doubt  the 
practice  of  making  female  screws  to  the  full  size  and  male  screws  to 
the  bare  size  would  always  ensure  interchangeability  (page  490)  ;  but 
he  should  be  glad  to  know  whether  it  would  ensure  tightness  in  the 
screw.     Would  a  screw  so  made  be  a  good  fitting  screw  ? 

Mr.  Taylor  explained  that,  in  speaking  of  the  principle  on  which 
free  interchangeability  of  screws  was  to  be  secured,  he  had  intended 
to  lay  stress  on  the  adjective  "  free."  What  was  wanted  with  such 
screws  as  those  used  for  photographic  lenses  was,  that  they  should 
never  require  forcing  together  with  wrenches  or  tongs ;  and  in  order 
therefore  to  secure  free  interchangeability  it  was  provided  that  every 
male  screw  should  be  at  least  as  small  as  the  standard  and  every 
female  screw  at  least  as  large.  On  the  other  hand,  in  order  to  limit 
the  objectionable  shake  which  would  occur  if  every  male  screw  were 
made  much  too  small,  a  limiting  gauge  was  used.  The  male  screw 
was  never  made  more  than  one-thousandth  of  an  inch  too  small  in 
diameter,  and  the  female  never  more  than  one-thousandth  of  an  inch 
too  large  :  so  that  when  the  two  screws  were  put  together,  the 
utmost  shake  that  resulted  would  not  under  the  most  unfavourable 
circumstances  be  more  than  about  two  thousandths  of  an  inch. 

Sir  Frederick  Bramwell  feared  he  had  hardly  ai)preciated  the 
fact  that  the  screws  referred  to  were  to  be  made  of  large  diameter  for 
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the  purj)ose  of  lenses.     He  liad  been  thinking  rather  of  the  use  of 
screws  for  the  purpose  of  holding  work  together. 

Mr.  S.  Zachaet  Lloyd  asked  if  the  author  had  had  any 
difficulty  in  securing  exact  accuracy  in  the  number  of  threads 
per  inch,  in  cutting  them  with  a  die.  In  Messrs.  Xettlefolds' 
screw  works  he  had  found  that  in  cutting  fine  threads  for  taps,  if 
they  were  cut  with  a  die,  there  was  a  liability  to  putting  a  slight 
strain  \i-pon  the  threads,  causing  a  slight  variation  in  the  number 
of  threads  per  inch.  Even  the  reversing  of  the  die,  it  was 
supposed,  would  occasionally  affect  the  thread  to  some  extent. 
On  this  account  it  had  been  found  necessary  to  cut  the  threads 
with  a  single  cutter,  in  preference  to  cutting  them  with  a  die. 
It  would  be  interesting  to  know  whether  the  same  difficulty  arose 
with  an  automatic  machine  like  that  now  exhibited  ;  or  whether  the 
automatic  action  was  so  accurate  that  the  difficulty  did  not  arise. 
He  had  not  had  much  practical  experience  of  screws  of  so  small  a 
size  as  those  for  which  this  machine  was  designed ;  in  fact  this 
machine  began  where  the  sizes  in  Messrs.  Nettlcfolds'  works  left  off. 
In  those  works  the  British  Association  thread  was  now  being  adopted 
for  all  sizes  below  l-8th  inch  diameter  ;  and  for  l-8th  inch  and 
upwards  the  Whitworth  thread  was  used.  So  far  this  plan  had  been 
found  to  answer  well  for  dealing  with  the  different  sizes.  The 
machine  now  exhibited  however  was  an  entirely  different  class  of 
machine  from  those  used  by  his  firm  ;  the  latter  were  used  solely  for 
cutting  screws  from  blanks  previously  headed,  which  of  course  was 
an  altogether  different  system  from  cutting  them  entire  from 
straight  wire  in  a  turret  lathe  of  the  kind  here  shown. 

Mr.  David  Joy  thought  the  machine  now  described  was  perhaj^s 
one  of  the  most  beautiful  and  elaborate  that  had  ever  been  brought 
before  the  Institution  ;  and  he  imagined  that  its  construction  would 
rec[uire  the  utmost  exactness  and  certainty.  Some  of  the  motions,  at 
any  rate  the  return  motions,  he  noticed  were  produced  by  helical 
springs,  and  not  by  direct  or  positive  action.  In  his  own  experience 
with  steam  machinery,  he  had  had  little  to  do  with  such  springs,  and 
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had  rarely  seen  any  work  done  by  them,  except  in  the  safety-valves 
of  steam  engines.  He  should  be  glad  to  know  whether  the  helical 
springs  used  by  the  author  were  found  to  answer  best  in  compression 
or  in  extension  ;  and  how  far  they  could  be  relied  upon  for  keeping 
in  perfect  and  accurate  action.  In  steam  machinery  it  was  not 
customary  to  place  any  trust  in  helical  springs,  except  for  safety- 
valves,  for  which  that  kind  of  spring  proved  a  splendid  servant. 

Mr.  C.  Frewen  Jenkin  asked  what  arrangement  there  was  in  this 
machine  for  taking  up  the  slack  which  invariably  arose  after  a 
machine  had  been  working  for  a  length  of  time.  In  other  turret 
lathes  that  he  had  seen  the  great  difficulty  in  the  way  of  obtaining 
accurate  work  had  been  to  provide  for  taking  up  the  wear  of  the 
machine  itself.  In  the  drawings  there  did  not  seem  to  be  any 
indications  of  how  this  was  done. 

Mr.  James  Stabler  asked  what  number  of  screws  per  minute 
could  be  turned  out  perfect  by  the  machine  exhibited. 

Mr.  Hewitt  understood  that  the  angle  of  55^  in  the  Whitworth 
thread,  Fig.  18,  Plate  11 G,  would  have  been  preferred  by  Mr.  Buckney 
(page  487),  instead  of  the  angle  of  47^°  adopted  by  the  British 
Association,  Fig.  16.  With  that  preference  he  did  not  himself  quite 
agree  ;  for  he  thought  that  the  thread  of  47^°,  having  the  top  and 
bottom  rounded  with  a  radius  equal  to  two-elevenths  of  the  pitch, 
thereby  leaving  a  strong  top  and  bottom  to  the  thread,  was  more 
suitable  for  watch-making  purposes. 

In  the  grinding  of  the  thread  (page  47G)  it  was  not  pretended  that 
the  result  of  the  operation  was  perfection.  The  best  that  could  be 
done  was  not  perfect,  and  it  was  necessary  to  submit  to  something 
which  was  far  short  of  what  he  should  like  it  to  be.  As  pointed  out 
by  Mr.  Buckney  (page  489),  the  method  of  grinding  the  thread  was 
theoretically  incorrect;  but  it  corrected  difficulties  which  were 
greater  than  it  created,  and  therefoi'e  it  was  used. 

In  regard  to  limiting  gauges  (page  493)  and  the  preservation  of 
the  standard  for  taps,  a  system  of  limit  gauges  was  adoiited,  not  only 
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for  screws,  but  all  througli  the  Prescot  factory,  for  cutting  toothed 
wheels  and  pinions,  and  for  diameters  and  everything  else.  Although 
absolute  perfection  could  not  be  obtained,  the  limit  of  inaccuracy  was 
only  about  l-2,500th  of  an  inch.  It  would  be  going  too  far  to 
attempt  to  ■  get  absolute  perfection  in  watch-making,  because  the 
product  had  to  be  considered  from  an  economical  point  of  view.  The 
best  that  could  be  done  was  an  approach  to  within  about  the  above 
limit,  that  is,  four  ten-thousandths  of  an  inch  ;  and  this  had  been 
adopted  right  through  the  factory  as  a  standard  of  accuracy,  applying 
to  screws  as  well  as  to  everything  else.  This  inaccuracy  was  kept  a 
minus  quantity,  that  is  the  screws  when  not  correct  were  1-2, 500th 
of  an  inch  less  than  the  standard ;  but  even  when  the  error  was  on 
the  plus  side,  that  is  when  the  screws  were  1-2, 500th  of  an  inch  too 
large,  they  would  still  enter  the  holes,  owing  to  the  fact  that  the 
female  thread  was  deeper  than  the  male.  This  forcing  of  the  screw 
into  the  hole  was  of  course  undesirable ;  therefore  the  error  was  kept 
on  the  small  side. 

The  number  of  screws  the  machine  would  make  (page  495) 
depended  somewhat  upon  their  size ;  it  was  designed  to  make  an 
average  of  6,000  screws  per  day  of  ten  hours.  The  machine  could 
be  run  more  quickly  than  that,  but  it  was  not  advisable. 

As  to  the  helical  springs  (page  495),  with  the  exception  of  the 
chuck  sjjrings  they  were  always  used  for  return  motions  only,  and 
were  not  intended  to  do  any  driving  work,  but  only  to  return  the 
slides,  racks,  and  pinions  to  their  original  positions.  It  would  be 
noticed  that  this  principle  had  been  adhered  to  in  the  design  of  the 
machine  exhibited.  Helical  springs  were  always  used  wherever 
possible ;  and  when  practicable  were  used  in  compression  in 
preference  to  in  extension.  When  they  were  used  in  compression 
they  were  always  j)ut  in  a  hole,  and  a  steel  pin  with  a  projecting 
head  was  inserted  along  the  centre  of  the  sjiring  to  hold  it  in 
position.  The  chuck  springs,  as  shown  in  Fig.  6,  Plate  111,  Avere 
instances  of  springs  in  comjjression,  and  were  the  sole  exceptions  to 
the  statement  that  the  springs  did  only  return-work.  These  springs 
closed  the  chuck  direct  ;  and  the  requisite  power  was  got  by 
multiplying  the  number  of  the  springs,  in  preference  to  increasing 
the  thickness  of  a  single  spring. 
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The  difficulty  referred  to  by  Mr.  Lloyd  (page  494:),  of  keeping  the 
threads  to  the  exact  pitch  when  using  a  die,  was  a  serious  difficulty 
if  the  die  was  not  guided ;  but  if  there  was  a  mechanical  method  of 
guiding  the  die  on  the  screw,  the  defect  was  minimised.  The 
difficulty  could  not  be  altogether  got  rid  of,  and  there  was  a 
considerable  amount  of  inaccuracy  even  in  those  screwing  machines 
in  which  the  die  was  guided  on  the  screw.  In  the  machine  exhibited 
the  die  was  geared  to  a  traversing  or  leading  screw,  much  in  the 
same  manner  as  in  a  screw-cuttiug  lathe.  In  that  way  the  die  was 
mechanically  guided,  the  difficulty  was  minimised,  and  the  screws 
were  better  cut  in  that  fashion  than  in  any  other.  The  net  result  of 
this  error  was  that  the  length  of  the  holes  had  to  be  kej)t  within 
reasonable  limits.  For  instance  holes  that  were  1^  diameters  long 
would  receive  the  large  proportion  of  screws ;  but  occasionally  a  lot 
would  come  round,  which  caused  trouble.  The  latter  was  no  doubt 
due  to  the  variation  in  the  quality  of  the  metal  from  which  the 
screws  were  made.  When  the  holes  did  not  exceed  one  diameter  long, 
no  difficulty  was  ever  experienced. 

Mr.  John  Phillips  asked  whether  the  screws  were  cut  dry,  or 
whether  any  lubricant  was  used.  Also  whether  there  was  any 
heating  arising  from  the  cutting. 

Mr.  Hewitt  replied  that  oil  was  pumped  freely  upon  the  cutting 
tools  during  the  whole  time  that  the  machine  was  at  work.  Heating 
was  a  slight  matter  in  such  small  work,  and  was  largely  eliminated 
by  the  oil  used  so  liberally. 

Mr.  James  Haswell  enquired  whether  the  American  watch 
factories  also  used  the  British  Association  standard  screw-thread. 

Mr.  Hewitt  was  not  certain,  but  believed  they  did  not. 

The  screws  were  hardened  after  cutting  (page  490),  and  the 
distortion  from  hardening  was  so  slight  in  such  a  small  length  of 
screw  that  it  was  never  appreciated. 
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"With  regard  to  taking  up  tlie  slack  in  tlie  machine  after 
lengthened  working  (page  495),  no  provision  of  that  sort  had  been 
made  in  this  machine,  because  all  the  bearing  surfaces  were  hardened 
as  hard  as  fire  and  water  could  make  them,  and  were  then  ground, 
and  afterwards  stoned,  so  as  to  get  the  grinding  marks  out  of  them 
and  give  them  a  perfect  surface.  One  of  the  spindles  had  been  taken 
out  of  the  machine  and  was  shown  separately,  in  order  that  it  might 
be  handled  by  any  one  who  desired  to  see  the  way  in  which  the 
bearings  were  got  up.  When  so  prepared  the  spindles  could  be  run 
for  a  considerable  time  without  any  apparent  wear  ;  and  therefore  no 
arrangement  for  taking  up  the  slack  was  needed. 

The  machine  as  arranged  made  only  one  size  of  screw,  on  which 
it  was  kept  at  work ;  and  it  was  not  supposed  to  be  changed 
to  another  size.  The  machine  exhibited  was  fitted  up  for  making 
balance  screws  of  0-017  inch  diameter  and  231  threads  per  inch.  It 
could  be  fitted  to  cut  any  size  up  to  0'070  inch  diameter,  which  was 
the  maximum  watch-screw  ;  and  with  more  extensive  arrangements 
it  could  be  fitted  for  cutting  screws  up  to  j  inch  diameter  and  ^  inch 
lono'.     For  any  larger  size  a  larger  machine  would  be  required. 

Mr.  Lehmann's  origination  of  the  standard  taps  and  screws  for  the 
British  Association  had  been  mentioned  by  Mr.  Buckney  (page  488)  ; 
and  having  brought  with  him  a  set  of  taps  which  had  been  made 
at  the  Prescot  Watch  Factory,  as  described  in  the  paper,  he  should  be 
happy  to  hand  them  over  for  comparison  with  the  taj)S  made  by  Mr. 
Lehmann,  in  order  to  see  how  nearly  they  might  be  found  to  agree. 

The  President  said  such  a  comparison  would  be  extremely 
interesting,  and  he  hoped  the  result  would  afterwards  be  communicated 
for  the  information  of  the  members.  If  two  English  manufacturers 
had  independently  managed  to  originate  separate  sets  of  taj)s  for 
screws  from  one  hundredth  of  an  inch  diameter  upwards,  and  those 
taps  made  interchangeable  screws,  he  thought  it  would  be  one  of  the 
finest  things  that  English  manufacturers  had  ever  done. 

Mr.  Arthur  Le  Neve  Foster,  having  been  a  member  of  the 
British  Association  committee,  mentioned  that  the  British  Association 
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thread  liad  been  originated  by  most  of  the  principal  electrical 
firms ;  and  the  firm  of  screw  manufacturers  with  which  he  was 
connected  had  originated  all  their  own  standards.  Having  had  the 
opportunity  of  comparing  a  number  of  these  standards,  he  had  found 
that  they  agreed  fairly  well.  Both  the  Post  Office  and  the  War 
Office  he  believed  could  say  the  same. 

The  President  was  sure  the  members  would  join  in  giving  Mr. 
Hewitt  a  most  hearty  vote  of  thanks  for  his  admirable  paper.  It  was 
not  only  a  record  of  extremely  careful  work,  but  also  a  most  detailed 
record  of  the  manner  of  working  what  appeared  to  him  to  be  one  of 
the  most  ingenious  and  complete  machines  for  doing  complicated 
work  that  had  been  brought  before  the  Institution.  From  the  study 
of  the  paper  and  of  the  elaborate  drawings  by  which  it  was  illustrated, 
he  had  no  doubt  the  members  might  imagine  how  great  must  have 
been  the  difficulty  of  actually  arranging  the  details  of  the  machine 
itself. 


Mr.  H.  W.  Jones,  Manager  of  the  torpedo  factory,  Woolwich, 
wrote  that,  although  the  paper  dealt  only  with  the  limited  range  of 
screws  pertaining  to  the  particular  industry  of  watch-making,  much 
of  what  was  therein  advanced  was  applicable  to  the  wider  scope  in 
which  was  contemplated  the  establishment  if  possible  of  one  uniform 
standard  for  all  forms  of  binding  screws.  When  commencing 
operations  at  the  Lancashire  Watch  Works  it  may  well  be  imagined 
that  some  difficulty  may  have  been  experienced  in  selecting  the 
special  class  of  screw  suitable  for  this  manufacture,  owing  to  tlie 
absence  in  this  country  of  any  generally  accejited  standard  for  small 
sizes  of  screws  ;  and  it  will  probably  be  admitted  that  the  adoption 
of  the  modified  Swiss  standard  recommended  by  the  committee  of 
the  British  Association  in  1884  was  a  wise  course.  The  author  is  to 
be  congratulated  upon  the  fact  that  he  had  a  free  hand  in  this 
direction  at  the  initiation  of  the  manufacture  :  and  was  thus  enabled 
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to  select  tlie  particular  kind  of  screws  req^uireil,  without  being 
tranimellecT  by  outside  conditions.  As  an  illustration  of  the 
inconvenience  entailed  where  such  conditions  are  imposed,  it  may  be 
mentioned  that,  when  it  was  decided  some  twenty-one  years  ago  to 
adopt  the  automobile  torpedo,  a  samj)le  weapon  was  ordered  and 
supplied  from  the  foreign  factory  at  Fiume,  the  only  source  from 
which  these  torpedoes  could  then  be  obtained  ;  and  it  was  discovered 
that  the  pattern  torpedo  contained  a  variety  of  sizes  of  small  screws, 
all  more  or  less  of  a  bastard  character,  not  conforming  with  any 
recognised  standard.  Xevertheless  the  reception  and  approval  of 
this  pattern  torpedo  necessitated  the  adoption  of  these  objectionable 
screws  for  all  future  supplies ;  and  when  the  manufacture  of 
torpedoes  of  different  designs  and  patterns  was  commenced  at 
Woolwich,  these  illegitimate  screws  were  notwithstanding  continued, 
in  order  to  avoid  multiplying  patterns  and  sending  out  into  the 
navy  screws  of  the  same  diameters  but  with  different  pitches.  Indeed 
even  in  the  present  maniifacture  of  toi'pedoes  the  adoption  of  any 
standard  for  screws,  with  a  view  of  its  becoming  recognised  as 
universal,  would  be  precluded  for  the  same  reason.  The  torpedo  of 
twenty  years  ago  was  a  j)rimitive  machine  compared  with  what  it  is 
at  present.  During  this  period  it  has  developed  into  an  extremely 
beautiful  and  refined  piece  of  mechanism,  involving  in  each  weapon 
a  large  number  of  small  screws.  In  the  18-inch  torpedo  there  are 
about  600  screws,  ranging  in  diameter  from  0'078  inch  up  to  O-Sli 
inch,  all  of  which  have  to  be  perfectly  interchangeable  with  others  at 
remote  stations  in  every  quarter  of  the  globe.  K"o  margin  is  allowed 
for  looseness  in  fit,  but  it  is  necessary  that  each  screw  should  fit  its 
nut  or  seat  without  any  shake  or  play  whatever ;  otherwise,  owing 
to  the  vibrations  set  up  in  the  toriDedo  when  running  at  high  speed, 
the  screws  Avould  shake  out,  and  the  result  would  be  a  lost  shot. 
The  smallest  of  the  torpedo  screws  exceeds  in  diameter  the  largest 
mentioned  in  the  paper  (page  477) ;  and  even  if  it  were  possible  now 
to  start  afresh  from  the  very  commencement,  it  would  be  diflScult  to 
find  a  uniform  standard  for  the  range  of  torpedo  screws,  owing  to  the 
non-existence  at  present  of  any  satisfactory  standard  ranging  between 
0-236   inch   diameter,  which   is   the  maximum   of   the  Swiss  scale. 
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and  the  half-incla  diameter  in  tlae  Wliitwortli  code  of  engineers' 
screw-threads.  While  the  latter  system  is  generally  satisfactory  for 
diameters  above  half  an  inch,  the  writer  believes  it  is  decidedly 
the  reverse  for  screws  below  that  size  ;  and  he  thinks  it  would  be 
highly  desirable  to  originate  a  new  standard  for  all  screws  between 
0*236  inch  and  0*500  inch  diameter. 

However  satisfactory  the  four-spindle  screwing  machine  may 
prove  in  the  author's  works,  the  increase  in  number  of  parts,  in 
prime  cost,  and  in  wear  and  tear,  together  with  the  constant 
adjustments  likely  to  be  needed,  leads  the  writer  to  fear  that  not 
much  superiority  may  ultimately  be  found  over  the  single-spindle 
machines.  The  screwing  machines  preferred  at  Woolwich,  which 
have  given  the  most  complete  satisfaction  there,  are  those  of  the 
Hartford  Machine  Screw  Co.,  made  by  the  Pratt  and  Whitney  Co., 
U.S.A.  These  machines  are  extremely  simple,  and  cheap  in  first 
cost ;  while  with  ordinary  attention  to  dies  and  cutters  their 
production  is  everything  that  can  be  desired,  so  far  as  the  screws 
required  for  torpedo  manufacture  are  concerned. 

Mr.  Hewitt  considered  Mr.  Jones'  communication  most 
interesting  (page  499),  as  showing  how  universally  mechanicians  are 
confronted  with  the  screw  problem,  and  what  difficulties  attend  any 
change  of  standard.  At  the  Lancashire  Watch  Works  the  adoption 
of  the  British  Association  standard.  Fig.  16,  Plate  116,  was  found  to 
be  by  no  means  an  easy  matter.  On  the  formation  of  the  works  the 
existing  watch-movement  manufacturers  were  amalgamated,  with  the 
intention  of  carrying  on  their  existing  businesses  and  gradually 
merging  them  into  one  establishment  for  complete  watch-making.  As 
the  movements  of  Messrs.  Wycherley  Hewitt  and  Co.  had  become 
the  recognized  standards,  these  were  adopted,  and  the  other  movements 
were  brought  into  line  with  them.  The  manufacture  of  these 
movements  proceeded  for  some  time,  until  in  fact  many  thousands  had 
been  made  and  sold,  before  the  necessity  for  a  revision  of  tlie  screw 
standard  was  forced  upon  tlie  author's  firm.  Thus  the  same 
difficulty  as  that  experienced  at  Woolwich  was  felt  by  themselves  ; 
nor  does    the    author   think    they   could    ever    have    adopted   tho 
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British  Association  standard  except  for  the  fact  of  its  having  been 
based  upon  the  screws  most  generally  in  use  in  the  watch 
manufacture.  This  enabled  them  to  choose  screws  so  nearly- 
corresponding  with  those  hitherto  used  that  the  new  series  could 
be  utilized  for  jobbing  purposes. 

Curiously  enough  the  "Woolwich  experience  of  screws  ranging 
from  ^  inch  to  ^  inch  diameter  is  exactly  the  same  as  that  of  the 
author's  firm.     The  latter  have  been  forced  to  the  conclusion  that 
the  Whitworth  pitches  below  h  inch  diameter  are  too  coarse  ;  and  for 
tool-making  purposes  they  have  in  consequence  adopted  a  standard 
which  better  suits    their   requirements.       The  accompanying  table 
(page  503)  gives  the  dimensions  of  this  series.    The  diameters  are  all 
in  hundredths  of  an  inch,  which  gives  the  advantages  of  the  decimal 
system  and  a  convenient  and  sensible  designating  number.    The  shape 
of  the  thread  is  a  V  of  60  degrees,  sharp  both  at  top  and  at  bottom. 
The  pitch  of  this  series  is  all  that  could  be  desired ;  but  the  form 
of  the   thread  is   not  altogether  approved  by    the    author's   firm. 
They  woiild  have  preferred  to  use  the  British  Association  thi-ead  for 
all  their  screws,  had  the  committee  recommended  the  adoption  of  the 
negative  or  ascending  series.  Fig.  17,  Plate  116,  in  which  the  pitch  is 
expressed  by  the  same  constant  0*9  mm.  raised  to  the  powers  of  —  1^ 
—  2,-3,  &c.,  and  the  diameters  by  the  same  formula  *  as  in  the  paper, 
namely  D  =  6  P^.     The  thread  is  triangular  with  a  vertical  angle  of 
53"  8',  which  gives  a  triangle  whose  perpendicular  is  equal  to  its  base. 
The  top  and  bottom  are  truncated  through  one-eighth  of  the  height 
with  a  radius  equal  to  0-1011  of  the  pitch.     In  this  series  the  pitch 
corresponds   closely   with   those    generally  approved,   such   as   the 
"Whitworth,  Fig.  18  ;  but  owing  to  the  fact  of  its  being  founded  upon 
a  rational  theoretical  basis,  there  are  none  of  the  irregularities  and 
inconsistencies  that  are  met  with  in  other  series.     This  series  of 
screws   therefore    is    suitable    for   watches,    clocks,   and    electrical 
apparatus,  as  well  as  for  machine  building  and  the  largest  engineering 
work.     The  great  objection  to  its  adoption  is  the  fact  of  its  being 
based   upon    the    millimetre,   which    is    an    insuperable    obstacle, 
*  Tliat  is,  the  diameter  is  equal  to  the  product  of  six  multiplied  by  the  sixth 
po's\er  of  the  fifth  root  of  the  pitch. 
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unless  the  incli  be  abandoned  and  metric  measurements  adopted. 
Theoretically  millimetres  can  be  converted  into  inches ;  but  the 
measurements  then  become  so  fractional  as  to  entail  much  loss  of 

Dimensions  of  Standard  Screws  ivith  Flat  Heads. 


Diameter 

at 

Top 

of 

Thread. 

Number 

of 

Threads 

per 

inch. 

Diameter 

at 
Bottom 

of 
Thread. 

Diameter 

of 

Drill 

for 
Cast- 
iron. 

Head  of  Screw. 

i 
Diameter.    Length. 

Width 

of  Slot. 

Inch. 
0-04 
0-06 
0-08 
0-10 
0-12 
0-14 
0-lG 
0-18 
0-20 
0-22 

No. 
160 
112 
84 
GS 
5G 
48 
42 
40 
3G 
32 

Inch. 
0-0292 
0-044G 
0-0594 
0-0745 
0-0891 
0-1040 
0-1188 
0-1368 
0-1519 
0-1659 

Inch. 
0-033 
0-050 
0-067 
0-083 
0-100 
0-117 
0-133 
0-150 
0-167 
0-1S3 

Inch. 
0-06 
0-09 
0-12 
0-15 
0-18 
0-21 
0-24 
0-27 
0-30 
0-33    . 

Inch. 
0-04 
0-06 
0-08 
0-10 
0-12 
0-14 
0-16 
0-18 
0-20 
0-22 

Inch. 
0  006 
0-010 
0-013 
0-016 
0-020 
0-023 
0-026 
0-030 
0-033 
0-036 

0-25 
0-30 
0-35 
0-40 
0-45 
0-50 

28 
24 
22 
20 

IS 

0-1882 
0-2279 
0-2713 
0-313G 
0-3538 
0-3763 

0-208 
0-250 
0-292 
0-333 
0-375 
0-417 

0  -  375 
0-450 
0-525 
0-600 
0-675 
0-750 

0--25 
0-30 
0-35 
0  40 
0-45 
0-50 

0-041 
0-050 
0-058 
0-066 
0-075 
0-083 

0-55 
0-60 
0-65 
0-70 
0-75 

13 
13 
12 
11 
10 

0-4168 
0-4G68 
0-5058 
0-5426 
0-5768 

0-458 
0-500 
0-542 
0-583 
0-625 

0-825 
0-900 
0-975 
1-0.50 
1-125 

0-55 
0-60 
0-65 
0-70 
0-75 

0-091 
0-100 
0-108 
0-116 
0-125 

L 


The  dimensions  given  in  the  last  five  lines  arc  added  only  for  occasional  use  ; 

screws  slotted  for  screw-drivers  arc  rarely  rcijuircd  larger  than 

0-50  incli  diameter. 


w   X   is 
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time  both  in  tlie  drawing  office  and  riglit  tlirougli  tlie  works. 
Considering  that  the  British  weights  and  measures  are  little  better 
than  a  relic  of  barbarism,  and  must  sooner  or  later  give  way  to  some 
decimal  system,  and  that  the  metric  system  is  now  well  established 
and  is  perhaps  as  good  as  any  other  decimal  system  which  might  be 
evolved,  the  author's  firm  would  most  assuredly  have  adopted  the 
British  Association  series,  making  all  measurements  in  millimetres, 
if  the  committee  had  seen  fit  to  recommend  it.  As  it  was,  they 
preferred  to  wait  the  development  of  events. 

Having  had  the  good  fortune  of  inspecting  Messrs.  Pratt  and 
Whitney's  works  in  Hartford,  Connecticut,  and  having  also  many  of 
their  machines  in  the  tool  room  of  the  Lancashire  Watch  Works,  the 
author  can  fully  endorse  the  Woolwich  experience  as  to  the  merits  of 
their  screw-making  machinery.  The  machine  described  in  the  paper 
he  is  confident  will  pass  unscathed  through  the  ordeal,  only 
too  trying,  of  lengthened  experience :  firstly,  because  uj)  to  the 
present  time  it  has  justified  all  his  expectations  ;  and  secondly, 
because  many  turret-machines,  constructed  much  on  the  same  lines 
for  kindred  purposes,  have  already  been  in  daily  use  for  some  years, 
and  have  proved  most  advantageous.  As  explained  in  a  paper 
read  before  the  British  Association  on  15th  September  1893  by 
Mr.  Thomas  P.  Hewitt,  the  objections  offered  by  Mr.  Jones  to  a 
four-spindle  screwing  machine  have  been  anticipated  by  so  designing 
the  turret  rest  as  to  render  the  accuracy  of  the  work  almost 
independent  of  ordinary  wear  and  tear.  In  fact  before  the 
improvements  now  effected  were  introduced,  the  turret  rest  could  be 
used  only  as  a  roughing-out  machine ;  but  already  some  dozens 
of  them  are  doing  the  most  accurate  work  j)ossible,  and  doing  it  most 
speedily. 

While  fully  recognizing  the  advisability  of  simplicity  in  all 
machinery,  the  author  would  remark  that  simplicity  is  only  a 
relative  term  and  may  become  misleading.  For  instance  in  the 
Prescot  factory  there  are  six  single-spindle  screwing-machines 
making  together  an  average  of  80,000  screws  per  week,  inclusive  of 
stoppages  for  re-setting  &c.  When  these  machines  were  introduced 
they  were  considered  so  complicated  that  they  were  in  danger  of 
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being  condemned  untried.  But  subsequent  experience  with  still 
more  elaborate  machinery  has  now  made  these  earlier  machines 
appear  not  merely  simple  in  comparison,  but  also  quite  behind  the 
times,  as  indeed  they  are.  Thus  complication  today  may  be  looked 
upon  as  simplicity  tomorrow ;  and  the  author's  experience  leads  him 
to  conclude  that  no  machinery  is  so  good  that  nothing  better  can  be 
desired. 
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DRILLING  MACHINES 
FOE  CYLINDEICAL  BOILEE  SHELLS. 


By  Mr.  SAMUEL  DIXON,  of  Ma\-chester. 


Origin  of  Drilling  of  Boiler  Plates. — Tho  introduction  of  steel 
plates  into  the  construction  of  Steam  Boilers  and  other  riveted 
work  brought  "with  it  such  an  entire  change  in  the  processes  of 
construction  as  to  amount  almost  to  a  revolution  in  boiler  making. 
In  no  branch  perhaps  is  this  so  striking  as  in  the  Drilling  of  all 
rivet  holes  which  were  formerly  punched.  The  liability  of  steel 
plates  to  injury  in  the  jjrocess  of  punching  was  early  recognised  in 
this  country;  and  it  was  largely  due  to  the  foresight  of  the  late 
Mr.  Daniel  Adamson  that  the  problem  was  fairly  faced,  which  at 
that  time  threatened  to  be  almost  fatal  to  the  use  of  steel  for  boiler 
construction.  So  rapid  and  complete  has  been  tho  development  of 
machinery  to  cope  with  this  most  pressing  necessity,  that  boiler 
makers  now  feel  but  little  or  no  anxiety  on  the  general  question  ;  and 
are  enabled  to  give  attention  to  some  of  the  minor  points,  such  as 
the  details  of  construction  of  the  various  machines,  and  the  wear  and 
tear  of  the  parts  which  come  against  the  cost  of  work.  The  chief 
factor  in  Boiler  Drilling  Machines  however  remains,  as  it  has  been 
from  the  beginning,  the  amount  of  work  produced  by  the  machine. 
Having  regard  to  the  symmetrical  arrangement  of  the  holes  in  the 
circular  and  in  the  longitudinal  butt  seams  of  boiler  shells,  the 
operation  has  from  the  outset  apjieared  to  be  one  in  which  the 
employment  of  a  number  of  drills,  all  operating  at  the  same  time, 
seems  the  most  desirable  and  in  fact  the  most  natural  method  of 
rapidly  accomplishing  the  work. 

"When  the  necessity  was  first  realised  for  drilling  all  holes,  the 
attempt  was  naturally  made,  as  had  been  done  in  punching,  to  drill 
them  all  before  bending  the  plates  into  form,  by  means  of  multiple 
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drills  adapted  for  drilling  a  number  of  holes  in  a  straight  line  and  in 
a  flat  plate.  The  difficulties  were  at  that  time  greater,  owing  to  the 
fact  that  steel  plates  could  not  be  had  of  sufficient  length  to  make  a 
complete  ring,  and  lap  joints  were  general  in  the  longitudinal  seams. 
The  result  of  this  attempt  was  that  perfect  accuracy  in  the  spacing 
of  the  holes  in  the  various  plates  could  not  be  obtained,  because  the 
I)lates  were  not  true  segments  of  a  circle.  All  plates  could  not 
therefore  be  brought  together  with  the  holes  quite  opposite  each 
other  ready  for  riveting ;  drifting  had  still  to  be  resorted  to,  involving 
the  liability  of  injuring  the  plates  thereby.  The  necessity  for  drilling 
all  holes  in  position,  as  it  is  called,  that  is,  after  the  plates  have 
been  bent  and  put  together  in  rings,  was  early  felt ;  and  this  was 
met  in  the  first  instance  by  mounting  the  rings  on  friction  rollers 
under  radial  drills,  and  drilling  the  rivet  holes  one  at  a  time : 
obviously  a  slow  method,  yet  at  the  time  the  best  available. 

Growth  of  Drilling. — The  present  position  of  the  process  can 
best  be  illustrated  by  reviewing  briefly  the  several  stops  which  have 
led  up  to  it. 

Multiple  Fixed  Drills. — The  late  Mr.  Adamson  was  the  first,  the 
author  believes,  to  attempt  to  apply  a  number  of  drills  at  the  same 
time  upon  the  circular  seams  ;  and  his  method  of  procedure  consisted 
in  using  a  number  of  horizontal  drills  mounted  independently  on 
stands  which  were  arranged  with  spindles  in  radial  lines,  the  boiler 
shell  being  placed  vertically  in  the  centre  on  a  turntable  which  was 
carried  by  a  long  sleeve  supj)orted  on  a  central  column.  These  drills 
were  all  driven  simultaneously,  but  the  advancement  and  withdrawal 
of  each  drill  had  to  bo  done  separately,  and  the  rings  to  be  turned 
round  by  hand  after  one  set  of  holes  had  been  drilled.  Bearing  in 
mind  that  Lancashire  boilers  vary  in  diameter  say  from  4  feet  to 
9  feet,  and  that  rings  are  made  up  of  plates  varying  in  width  from 
3  feet  to  6  feet,  this  was  only  a  partial  solution  of  the  problem,  so 
much  time  being  occupied  in  setting,  which  plays  such  an  important 
part  in  all  mechanical  operations  ;  and  the  fact  that  all  the  drills 
had  to  be  started  and  withdrawn  separately  either  necessitated  the 
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employment  of  a  number  of  men,  or  else  all  the  drills  had  to 
remain  idle,  waiting  for  the  work  to  be  turned  round,  until  the 
last  one  was  withdrawn.  Such  an  arrangement  of  drills  does  not 
permit  of  more  than  one  drill  being  got  to  work  on  each  longitudinal 
butt  seam ;  and  the  shell  had  to  be  raised  for  every  hole  if  the  butt 
seams  were  attempted. 

Drilling  opposite  sides  of  Suspended  Shell. — The  second  step  in 
the  development  of  this  work  consisted  in  the  employment  of  two 
drilling  heads  on  opposite  sides  of  the  shell,  which  was  suspended  in 
the  centre  and  turned  round  on  the  hook  of  the  crane,  so  as  to  bring 
the  holes  into  position,  as  shown  in  Figs.  1  to  3,  Plate  117.  This 
kind  of  machine  has  done  good  work.  In  addition  to  the  two 
drilling  spindles  A  on  the  outside  of  the  shell,  there  are  also  two 
spindles  B  on  the  inside,  one  on  each  support,  which  are  used  for 
countersinking  or  taking  off  the  burr  after  drilling.  Each  spindle  is 
provided  with  an  automatic  feed-motion,  and  is  independently 
withdrawn  by  rack  and  pinion  as  soon  as  the  hole  is  finished.  This 
design  requires  two  men,  on  opposite  sides  of  the  shell  and  out  of 
sight  of  each  other  :  so  that  the  one  controlling  the  rotary  adjustment 
of  the  shell  in  the  crane  has  to  wait  until  he  receives  a  signal,  by  a 
tap  on  the  shell,  that  the  second  drill  is  withdrawn.  The  pitching 
or  setting  out  of  all  seams  in  this  machine  has  obviously  to  be 
done  by  hand  ;  and  there  are  naturally  other  minor  inconveniences, 
such  as  the  time  lost  in  setting  the  holes  exactly  opposite  the 
drills,  liability  to  fracture  of  drills,  &c.  The  inner  spindles  were 
advanced  or  withdrawn  by  the  lever  L  on  the  outside  of  the  shell. 
The  holders  H  on  the  inside  were  also  made  adjustable  by  levers 
on  the  outside,  so  that  after  turning  the  shell  round  into  position  for 
the  next  hole  it  was  firmly  held  during  the  operation  of  drilling. 

An  attempt  was  also  made  to  drill  the  shells  from  the  inside;^ 
either  by  drills  mounted  on  a  column,  or  by  a  machine  suspended  by 
ropes,  in  which  the  resistance  of  one  drill  formed  the  pressure  giving 
the  feed  to  the  oj)posite  drill.  The  difficulties  surrounding  either 
plan  are  so  evident  that  it  is  a  wonder  such  an  attempt  was  ever 
contemplated.     "With  the  suspended  machine  it  is  clear  that,  if  one 
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hole  was  finished  before  the  other,  there  was  no  resistance  left  to  put 
pressure  on  the  second  drill  for  enabling  it  to  finish  its  hole. 

Sliding  Drill-Standards. — Later  on,  concurrently  with  general 
improvement  in  boiler  construction,  drilling  began  to  be  treated 
much  more  seriously ;  and  it  became  fully  recognised  by  the  best 
boiler-makers  that  the  whole  work  of  boiler  construction  would  have 
to  be  conducted  on  the  lines  of  mechanical  engineering,  and  that 
more  skilled  labour  would  have  to  be  employed.  An  important  step 
was  taken  in  this  direction  by  connecting  all  the  drills  so  as  to 
advance  and  withdraw  them  simultaneously,  the  shell  being  on  a 
central  table,  and  turned  round  by  worm  gearing,  with  change-wheels 
for  dividing.  Three  drills  were  employed,  mounted  on  standards  on 
radial  beds,  and  were  advanced  and  withdrawn  simultaneously  by 
sliding  the  standards  themselves  on  their  radial  beds.  This 
machine,  which  was  designed  by  Mr.  Jordan  of  Manchester,  was 
described  in  a  paper  read  before  this  Institution  in  1878  (page  571), 
and  is  shown  in  Fig.  4,  Plate  118.  It  was  introduced  at  the  time 
when  boiler  rings  were  most  frequently  made  in  three  laps,  and  when 
plates  did  not  exceed  4  feet  wide,  so  that  the  maximum  height  at  which 
the  drills  had  to  work  did  not  exceed  4  feet  above  the  table.  For 
fairly  estimating  the  relative  merits  of  different  machines,  it  has  to  be 
borne  in  mind  tliat,  in  order  to  attain  the  maximum  efficiency  in 
drilling  any  work,  it  is  necessary  to  secure  as  far  as  possible  absolute 
rigidity  both  in  the  machine  and  in  the  work.  Owing  to  the  fact 
that  boiler  rings  when  put  together  are  so  flexible,  and  can  be 
stiffened  only  to  a  limited  extent  by  fixing  annular  frames  within 
them,  it  becomes  of  importance  that  the  utmost  rigidity  should  be 
j)rovided  in  the  machine  itself,  inasmuch  as  the  flexibility  of  the 
work  alone  is  quite  sufficient  to  cause  considerable  inconvenience, 
especially  in  the  breakage  of  drills  when  just  pointing  through  the 
plates.  In  the  machine  shown  in  Fig.  4  the  simultaneous  advance 
and  withdrawal  of  the  three  drills  are  accomplished  by  sliding  the 
uprights  supporting  the  drilling  saddles  along  their  radial  beds, 
the  driving  and  feeding  mechanisms  being  connected  together 
independently  through  the  centre  of  the  machine  under  the  circular 
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table.  One  of  the  chief  objections  to  this  plan  consists  in  the  base 
of  each  upright  having  to  form  a  slide  on  the  radial  bed,  whilst  the 
point  of  resistance  of  the  drill  is  so  high  above  the  base,  thus 
tending  to  tilt  it  on  the  bed,  and  thereby  diminishing  the  solidity  of 
the  support  to  the  drill.  Another  objection  is  the  limited  number  of 
radial  beds,  each  supporting  a  single  drilling  spindle,  which  can  be 
arranged  around  the  central  driving  wheels :  for  on  this  plan  it  is 
necessary  to  have  a  separate  bed  for  each  spindle,  seeing  that  each 
spindle  must  point  strictly  to  the  centre  of  the  boiler. 

Sliding  Drills  on  Fixed  Standards. — In  order  to  overcome  the 
objection  to  the  uprights  with  sliding  base,  and  yet  to  retain  the 
simultaneous  advance  and  quick  withdrawal  of  all  the  drills,  the 
author  devised  in  1880  a  feed  mechanism  shown  in  Figs.  5  to  7, 
Plate  119,  in  which  each  spindle  is  advanced  by  an  automatic 
feed  acting  through  a  rack  and  pinion,  arranged  so  that  by 
employing  adjustable  stops  A  and  B  a  pawl  P  on  the  lever  L 
rigidly  connected  with  the  rack-pinion  can  be  released  at  any 
desired  point  by  the  stop  A,  and  a  spring  S  is  then  allowed  to 
bring  the  spindle  back.  In  returning,  the  pawl  P  strikes  the 
second  adjustable  stoj)  B,  and  the  s^iindle  is  thereby  put  into 
action  again  ready  for  the  next  hole.  This  device  on  each 
drilling  head  allo\vs  of  the  uprights  being  rigidly  bolted  to  the 
radial  beds,  which  is  a  great  advantage  for  the  increased  height  at 
which  the  drilling  6j)indles  have  to  work,  owing  to  the  increased 
width  of  plates  amounting  now  to  as  much  as  7  feet.  The  three 
drilling  heads  are  arranged  around  a  circular  table  in  the  same 
manner  as  those  in  Fig.  4,  so  that  the  pressure  of  any  one  spindle  is 
counterbalanced  by  that  of  the  two  others.  This  construction 
however  had  the  same  defect  that  one  spindle  only  could  be 
conveniently  actuated  on  the  same  drilling  saddle ;  for  these 
spindles,  when  working  on  the  circular  seams,  must  all  advance  and 
withdraw  along  radial  lines.  The  increased  stiffness  however, 
secured  by  bolting  the  uprights  rigidly  to  the  radial  bed,  was  a 
distinct  gain  when  the  drills  were  in  action. 
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Tall  Standard  for  two  tiers  of  drills. — Several  macliines  have 
been  devised  iu  which  the  drilling  spindles  are  advanced  and 
withdrawn  in  the  foregoing  manner.  Some  have  been  arranged  with 
two  spindles  on  one  saddle,  and  two  saddles  on  a  single  high 
upright  on  one  side  only  of  the  central  circular  table.  This  forms 
a  sort  of  two-storied  machine,  so  that  two  circular  seams  can  be 
drilled  at  the  same  time ;  but  it  entails  the  great  disadvantage  of 
requiring  two  men  at  work,  one  above  the  other,  and  waiting  for 
and  dependent  upon  each  other  before  the  work  can  be  turned  round. 
Another  great  disadvantage  is  the  impracticability  of  supporting  the 
work  rigidly  enough  against  the  drills  at  so  great  a  height  above  the 
table.  The  method  of  disengaging  all  the  drilling  spindles  by  stop?, 
and  withdrawing  them  by  balance  weights  or  springs,  entailed  the 
defect  that  the  drills  when  so  disengaged  might  occasionally  stick  in 
the  holes,  and  consequently  any  drill  on  the  opposite  side  of  the  shell 
out  of  sight  caused  the  workman  anxiety  to  see  that  it  was  quite 
clear  before  turning  the  ring  round. 

Drilling  radial  holes  side  hy  side. — In  Figs.  8  and  9,  Plate  120, 
is  shown  a  new  method,  devised  by  the  author  in  1887,  of  advancing 
and  withdrawing  any  number  of  drills  simultaneously  through 
precisely  the  same  distance,  no  matter  at  what  angle  their  spindles 
may  be  set,  the  rate  of  advance  being  at  a  suitable  speed  for 
drilling,  while  the  return  of  all  the  drills  is  almost  instantaneous. 
In  Figs.  10  to  12,  Plates  121  and  122,  are  shown  a  sectional 
elevation  and  plan  of  one  of  the  drilling  heads,  as  arranged  for 
a  saddle  with  two  drills  pointing  truly  to  the  centre  of  the  boiler, 
and  with  adjustment  for  varying  their  distance  apart  to  suit  the 
different  diameters  of  shells  and  varying  pitches  of  rivets.  The 
drilling  spindle  D  has  at  the  opposite  end  to  the  drill  a  square- 
threaded  screw  cut  upon  it,  and  upon  this  is  mounted  a  circular 
nut  N.  If  the  nut  were  revolved  at  the  same  speed  as  the  spindle, 
no  advance  of  the  drill  would  be  made.  If  however  the  number 
of  revolutions  of  the  nut  be  diminished  by  differential  gearing, 
the  drill  can  be  advanced  at  any  determined  speed.  On  the 
spindle  is  mounted  also  a  sleeve  S,  with  sliding  key,  which  latter 
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acts  as  driver  of  the  gearing  for  the  nut  N  wlicn  the  drill  is 
advancing.  The  connection  between  the  sleeve  and  the  first  driving 
pinion  is  so  formed  by  a  spring  catch  C  that  it  will  drive  the 
revolving  nut  when  the  spindle  is  running  in  one  direction  only. 
Hence,  when  the  direction  of  rotation  of  the  drill  spindles  is 
reversed,  the  nuts  N  remain  at  rest,  and  the  spindles  are  withdrawn 
at  a  speed  due  to  the  full  pitch  of  the  screw.  In  this  manner 
therefore  any  number  of  drills  can  simultaneously  be  advanced 
slowly,  and  withdrawn  rapidly;  and  the  whole  operation  is  placed 
easily  under  the  control  of  a  workman  standing  in  one  position,  by 
means  of  a  single  lever.  This  construction  of  drilling  heads  was 
designed  specially  for  boiler-drilling  machines,  because  the  feed 
motion  is  entirely  carried  by  each  head  :  so  that,  whether  the  drills 
are  turned  about  to  any  angle,  or  adjusted  in  any  direction,  the 
motion  for  advancing  and  withdrawing  them  simultaneously  remains 
effective.  It  is  capable  of  a  much  wider  application,  and  promises  to 
be  useful  in  multiple-drilling  machines  generally. 

The  first  boiler-drilling  machine  made  with  these  new  drilling 
heads  is  shown  in  Plate  120,  in  which  two  drilling  saddles  are  carried 
by  two  uprights  on  opposite  sides  of  a  circular  table,  on  which  the 
rings  to  be  drilled  are  mounted  vertically.  When  the  machine  is  in 
action,  the  uprights  are  rigidly  bolted  to  the  longitudinal  bed  carrying 
the  table ;  and  vertical  slides  on  the  face  of  each  upright  allow  of  the 
saddles  being  simultaneously  raised  and  lowered  by  power,  for  different 
heights  of  rings  or  when  drilling  the  longitudinal  butt  seams.  Each 
drilling  saddle  carries  two  heads,  the  spindles  of  which,  as  shown  in 
the  plan,  Plate  122,  can  be  adjusted  to  any  angle  by  right  and  left- 
band  screws,  so  as  to  point  to  the  centre  of  a  boiler  of  any  diameter  ; 
and  the  centres  can  be  adjusted  apart  to  varying  distances  from 
2  inches  upwards,  pitches  below  2  inches  being  drilled  alternately. 
The  pitching  of  the  holes  in  the  circular  seams  in  this  machine  is  done 
mechanically  by  means  of  Scott's  dividing  apparatus,  which  allows 
of  the  circle  being  divided  into  any  number  of  equal  divisions.  The 
pitching  of  the  holes  in  the  longitudinal  butt  seams  is  by  means  of  a 
vertical  pitching  staff  fixed  to  the  uprights  ;  whilst  a  pointer,  fixed  to 
the  sliding  saddle,  is  used  to  read  off  the  divisions. 
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Multijile  Drilling  Machine. — Altliougli  the  macliine  just  described 
is  best  adapted  for  ordinary  work,  yet  with  increased  tliickness  of 
plates  and  increased  diameter  of  holes  it  has  become  necessary  to 
seek  increased  rigidity,  not  only  in  the  supports  for  the  drills,  but 
also  in  those  for  the  work.  With  this  object  the  author  has  recently 
designed  the  machine  shown  in  Plates  123  to  126,  which  has  just  been 
constructed  for  Messrs.  Josej;h  Adamson  and  Co.'s  boiler  works  at 
Hyde,  where  it  may  now  be  seen  in  operation.  The  multiple  drilling 
heads  for  the  circular  seam  are  here  mounted  upon  a  cross  slide 
carried  by  two  uprights,  as  in  a  planing  machine ;  the  cross  slide  is 
raised  and  lowered  by  hand  or  power  to  suit  the  varying  heights  of 
rings.  The  drills  on  the  cross  slide  are  five  in  number,  Plate  124, 
and  can  be  set  to  varying  pitches  and  angles.  The  drills  for  the 
longitudinal  butt  seams  are  six  in  number,  Plate  123,  and  are 
arranged  upon  a  vertical  column  on  the  opposite  side  of  the  circular 
dividing  table.  A  new  feature  is  here  introduced  by  making  the 
table  as  an  annular  ring,  with  a  large  hole  in  the  centre,  and  carrying 
it  on  friction  rollers  only.  In  the  central  hole  stands  a  strong 
upright,  sliding  on  an  independent  bed  below  the  table,  so  that  it 
can  be  advanced  or  withdrawn  by  a  screw  actuated  from  the  outside 
of  the  boiler  shell,  and  can  be  brought  up  against  the  inside  of  the 
shell  opposite  to  the  drilling  spindles  so  as  to  form  a  rigid  support 
for  the  work.  It  is  equally  available  for  supporting  the  shell  when 
di'illing  the  butt  seams,  by  being  set  in  the  opposite  direction. 

The  following  are  the  chief  features  presented  by  this 
machine.  First,  all  the  drills  can  be  quickly  set  to  varying 
pitches,  and  at  the  same  time  made  to  point  strictly  to  the  centre 
of  the  boiler,  without  disturbing  the  action  of  the  machine. 
Second,  whilst  so  set  all  the  drills  can  be  advanced  or  withdrawn 
simultaneously  by  the  workman  standing  in  one  position  and 
actuating  a  single  lever  only.  Third,  independent  adjustment 
of  each  drill  is  provided,  so  that  any  drill  can  be  advanced  or 
withdrawn  separately,  to  suit  the  different  lengths  of  drills.  Fourth, 
each  drill  can  be  independently  stopped  from  advancing,  when  not 
required  to  drill,  or  when  a  tacking  bolt  or  other  object  interferes. 
Fifth,  the  drilling  heads  for  the  circular  scam  are  rigidly  supported 


514  EOILER-SHELL    DEILLING    MACHI>-ES.  OcT.  1894. 

by  the  npriglits  at  opposite  ends  of  tlie  cross  slide.  Sixth,  the 
introduction  of  an  internal  support  to  the  shell  while  being  drilled 
greatly  increases  the  rigidity  and  therefore  the  rapid  and  economical 
performance  of  the  work. 

The  driving  of  the  machine  is  so  arranged  that  a  quick  speed  is 
provided  for  taking  up  the  clearance  between  the  drill  points  and  the 
plate ;  and  this  increased  speed  is  continued  until  the  drills  have 
well  entered  and  attained  almost  the  full  diameter  of  hole.  When 
drilling  circular  seams  the  man  stands  upon  the  platform  M, 
Plates  123  and  124,  having  in  front  of  him  the  five  spindles,  of 
which  he  has  perfect  oversight.  On  this  platform  are  the  levers  for 
starting  and  reversing  the  machine,  and  also  for  giving  the  quick 
speed  for  entering.  After  one  group  of  holes  has  been  drilled,  the 
ring  can  be  turned  round  from  the  same  platform,  and  the  internal 
support  also  withdrawn  and  advanced  again  for  the  next  group. 

The  use  of  multiple  drills  for  boiler  shells  was  formerly  much 
impeded  by  the  necessity  in  many  works  of  employing  numerous 
tacking  bolts  for  holding  the  rings  together.  This  was  mainly 
due  to  imperfections  in  the  bending  rolls,  which  in  many  instances 
were  not  equal  to  the  increasing  thickness  of  plates.  On  one 
occasion  as  many  as  fifteen  tacking  bolts  were  required  in  the 
circular  seam  between  two  rings,  though  there  was  only  one  plate 
in  each  ring.  Now  however  the  work  for  the  multijjle  drill  is 
quite  cleared,  as  two  bolts  only  are  usually  employed  in  putting 
rings  together ;  and  in  some  instances  the  rings  are  even  put 
together  without  any  bolts  at  all,  thus  leaving  the  work  quite  clear 
for  the  drills. 

Speed  of  Drills  and  Bate  of  Feed. — Another  imj)ortant  feature  in 
connection  with  the  drilling  of  boiler  shells  has  hitherto  been 
the  speed  of  drilling,  comprising  the  two  elements — speed  of 
rotation  and  rate  of  advance.  With  twist-drills  of  the  common  size 
of  13-16ths  inch  diameter,  and  assuming  perfect  rigidity  both  in 
the  machine  and  in  the  work,  the  best  speeds  are  96  revolutions  per 
minute,  and  for  advance  90  revolutions  per  inch  of  traverse  or 
1^'^  inch  per  minute.     In  boiler-drilling  however,  so  difiierent  are 
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the  conditions  tliat  these  rates  are  little  or  no  guide  whatever.  The 
rings  are  so  flexible  that,  when  a  drill  with  a  heavy  cut  on  is 
pointing  through  the  hole,  the  spring  of  the  plate  is  released,  and 
the  last  portion  of  the  hole  is  almost  punched  through,  and  the  drill 
point  often  twisted  off.  To  obviate  this  difficulty,  and  at  the  same 
time  to  keep  up  the  production  of  the  machine,  the  number  of 
revolutions  per  inch  of  traverse  has  been  steadily  increased,  and 
the  number  of  revolutions  per  minute  has  also  been  increased  :  or  in 
other  words,  finer  feed  and  higher  speed.  The  latest  machine  with 
internal  support  has  not  yet  been  tested,  though  it  is  naturally 
expected  to  yield  increased  raj)idity  of  drilling ;  but  with  the 
machine  shown  in  Plate  120,  which  has  been  fully  tested,  the  best 
results  are  obtained  by  running  the  drills  at  as  high  a  sj)eed  as 
215  revolutions  per  minute,  and  advancing  at  the  rate  of  1  j",j  inch 
per  minute  in  13-16ths  inch  holes,  four  holes  being  drilled  at  the 
same  time.  With  15-16ths  inch  holes,  the  machine  is  capable  of 
drilling  1^^  inch  per  minute,  the  drills  running  at  the  rate  of  185 
revolutions  per  minute. 

The  length  of  traverse  of  each  drill  when  drilling  13-1 6  ths  inch 
holes  through  two  plates  of  a  total  thickness  of  1^  inch  is  as 
follows  : — length  of  drill  point  and  clearance  f  inch,  thickness  of  plates 
1  ^  inch,  additional  traverse  due  to  flexibility  of  shell  l  inch  ;  making 
a  total  traverse  of  1;!^  inch.  The  time  required  for  drilling  each 
group  of  holes  is  as  follows  : — to  take  up  clearance  and  enter  drills 
10  seconds  ;  remaining  traverse  of  1^  inch  53  seconds  ;  return  of  drills 
through  distance  of  If  inch  4  seconds ;  so  that  the  complete  cycle 
of  operations,  inclusive  of  actuating  the  reversing  lever,  and  turning 
the  shell  round  for  the  next  grouj),  can  be  accomplished  in  1  minute 
20  seconds,  and  easily  in  1^  minute.  In  general  practice  a  little 
more  clearance  is  given  to  the  drill  points  in  withdrawing  the 
spindles  ;  but  the  drills  arc  immediately  set  forward  at  the  quick 
speed,  and  the  shell  is  turned  round  whilst  the  drills  arc  taking  ui> 
the  clearance. 

Modifications  for  Special  Work. — In  Plates  123  to  12G  the 
machine  is  shown  adapted  for  both  circular  and  longitudinal  seams  ; 
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but  as  both  seams  cannot  be  drilled  simultaneously  in  tbe  same 
machine,  it  is  preferable  in  some  workshops  to  divide  the  machine 
into  two,  so  that  both  operations  can  be  going  on  simultaneously. 
Several  modifications  of  these  machines  are  made  for  smaller  works 
or  for  special  purposes.  In  the  machine  shown  in  Plate  127  two  of 
the  new  drilling  heads  are  mounted  on  the  top  of  a  stand,  and  an 
internal  holder  is  fixed  for  supporting  the  rings,  which  are  suspended 
from  the  crane  as  in  Plate  117.  Another  machine  for  use  where  lap 
joints  and  zigzag  holes  are  substituted  for  the  butt  seams  is  shown  in 
Figs.  20  and  21,  Plates  128  and  129.  Here  again  the  saddle  with 
two  spindles  slides  upon  the  face  of  the  upright,  when  drilling 
longitudinal  seams.  The  spindles  in  this  case  can  be  set,  either  one 
beside  the  other,  or  one  above  the  other,  or  zigzag,  always  pointing 
however  to  the  centre  of  the  boiler,  and  advanced  and  withdrawn  as 
previously  described. 


Discussion. 


Mr.  Disox  exhibited  a  saddle  carrying  two  of  the  drilling  heads, 
such  as  were  in  actual  use,  showing  the  means  of  adjusting  them 
radially  for  any  pitch  desired,  and  showing  also  the  action  of  the 
improved  feed-motion  described  in  the  paper.  The  chief  feature  of 
this  feed-motion  was  that,  if  the  nuts  through  which  the  drilling 
spindles  passed  were  to  revolve  at  the  same  speed  as  the  drilling 
spindles,  there  would  be  no  advance  whatever  of  the  latter.  By 
means  however  of  differential  gear  the  speed  of  the  nuts  was 
diminished  sufficiently  to  advance  the  drills  at  the  required  rate. 
Immediately  that  the  direction  of  rotation  was  reversed  for 
withdrawing  the  drills,  the  nuts  remained  at  rest,  and  the  drilling 
spindles  came  back  at  the  full  pitch  of  the  screw,  returning  through 
the  full  distance  of  four  inches  in  about  six  seconds,  which  was  really 
as  fast  as  could  be  desired.     The  peculiar  feature  of  the  improved 
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arrangement  of  drills  and  feed-motion  was  tliat  there  was  no  need 
for  the  man  working  the  machine  to  go  round  it  in  order  to  attend 
to  the  several  drills  separately.  No  matter  how  many  drilling 
spindles  there  were,  or  at  what  angles  they  were  placed,  they  could 
all  be  advanced  and  all  be  withdrawn  by  the  attendant  while  standing 
in  one  position.  There  was  no  need  to  feel  any  anxiety  about  any 
of  the  drilling  spindles  that  were  out  of  sight ;  because  it  was  here 
quite  certain  that,  when  the  reversing  lever  had  been  pushed  over, 
every  drilling  spindle  must  have  come  back  through  precisely  the 
same  distance,  being  withdrawn  really  by  a  positive  motion. 

In  Figs.  22  and  23,  Plates  129  and  130,  was  shown  a  sj^ecial 
machine  now  being  made  by  his  firm  for  the  Midland  Eailway,  fcr 
drilling  the  shells  of  locomotive  boilers.  Some  engineers  preferred 
to  put  locomotive  boilers  together  complete  before  drilling ;  and 
the  machine  here  represented  was  intended  for  such  work.  The 
shell  put  together  complete  beforehand  was  seen  to  be  carried  at 
opposite  ends ;  and  the  holes  were  then  drilled  in  i)osition  by  the 
machine.  The  ends  of  the  shell  were  carried  by  concentric  chucks, 
for  rapidly  fixing  and  rotating  it.  One  of  the  chucks  was  provided 
with  a  wormwheel  and  with  Scott's  dividing  apparatus,  for  spacing 
the  circular  seams.  Upon  the  horizontal  longitudinal  slide  were 
four  drilling  saddles,  so  arranged  that  all  the  circular  seams  were 
drilled  at  the  same  time.  Three  of  the  drills  were  working  upon  the 
single-riveted  seams ;  and  the  fourth  was  arranged  for  adjusting 
rapidly  to  the  zigzag  holes  of  the  double-riveted  seam  at  the  smoke- 
box  end,  so  as  to  drill  these  through  the  single  plate  in  the  same 
time.  When  drilling  the  longitudinal  seams,  any  pair  of  these 
drilling  heads  could  be  grouped  together  on  the  corresponding  ring. 

Mr.  Joseph  Adamson  said  the  origia  of  drilling  the  rivet 
holes  in  boiler-making  had  nothing  to  do  with  the  introduction 
of  steel  plates,  but  dated  from  the  terrible  explosion  of  a  locomotive 
boiler  at  Messrs.  Sharp  Stewart  and  Co.'s  works  in  Manchester  in 
1858.  The  late  Mr.  Daniel  Adamson  and  Mr.  William  Eichardsou 
went  together  to  see  the  terrible  efiects  of  the  explosion,  and  were 
thereby   impressed,   like   a   good   many   others,   with   the   extreme 
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unreliability  of  the  material — iron — then  used,  and  with  the  highly 
unsatisfactory  way  in  which  at   that  time  boiler-making  was  done. 
The  first  result  of  the  explosion  was  the  arrangement  of  a  system 
of   spacing  the  rivets  in  lap  joints,    so  that   it  should  no    longer 
be  left  in    the   hands   of  the  foreman  boiler-maker   to  decide  how 
the  joints  should   be  made.      That  was  the  commencement  of  the 
present  system  of  boiler-making.     It  was  found  further  on  that  it 
was  all  very  well  to  make  drawings,  but  the  thing  was  to  get  the 
men  to  work  to  them.     The  only  way  to  obtain  good  work  was  to  go 
on   to  drilling  the  holes,  and  otherwise  to  improve  the  method  of 
manufacture.     In  those  days  even  a  first-class  boiler-shop  contained 
only  a  pair  of  rolls,  a  lever  punching-machine,  a  riveting  machine, 
and  perhaps  a  few  fires  ;  the  last  were  not  thought  to  be  particularly 
important.     Things   had    altered   since    then.     The    efiect    of  that 
explosion  was  to  establish  the  inferiority  of  the  material  used.     In 
1858,    thanks    to  the   efforts    of  Mr.  Daniel  Adamson,  and   to   the 
acumen  which  then  as  now  characterised  the  firm  of  Messrs.  Piatt 
Brothers,   the  first  steel  boiler  was   made.     The  material  used  he 
understood  cost  no  less  than  £45  a  ton ;  and  it  might  therefore  be 
taken  as  certain  that  boiler-makers  using  so  costly  a  material  were 
extremely  careful  in  the  manufacture,  in  regard  to  the  way  in  which 
it  should  be  handled  and  dealt  with.     The  first  steel  plate  that  he 
remembered  being  worked  was  in  a  locomotive  fire-box,  to  take  the 
place  of  a  copper  plate  ;  that  was  in  1858.     In  1862  the  multiple 
drilling  machine  with  fixed  drills  was  made,  which  was  referred  to  in 
page  507  of  the  paper.      Though  he  had  not  much  to  do  with  the 
designs,  he  had  in  1863  to  look  after  the  men  who  had  the  charge 
of  attending  to  the  drills.     There  were  six  drills  round  the  central 
turntable ;    and   the   sj)ring  or  vibration  of  the  boiler  shell  was  so 
serious  that  a  jobbing  smith  was  kept  constantly  at  work  on  repairing 
the  drills.     There  were   not  many  boilers  drilled  with    six   heads 
before  the    number  was  reduced  to  two.     These  machines   he  had 
been  credibly  informed  had  met  the  exigencies  of  the  trade  for  the 
last  thirty-two  years.     They  happened  to  be  in  a  rather  fortunate 
position :    the    original     drilling     machines    and    all    the    various 
modifications  of  them  in  subsequent  stages  were  still  in  existence. 
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Only  yesterday  lie  had  gone  to  ascertain  whether  the  first  two  steel 
boilers  that  were  sold  as  drilled  boilers  were  still  in  existence. 
Messrs.  Daniel  Adamson  and  Co.  had  made  steel  boilers  prior  to 
these,  and  had  drilled  the  holes ;  but  these  were  the  first  boilers 
which  were  actually  sold  as  drilled  boilers.  They  had  commenced 
working  at  a  sugar  house  in  London  in  January  1863,  and  had  been 
working  day  and  night  ever  since,  except  during  a  period  of  about 
four  years  when  the  works  were  closed  and  changed  hands.  The 
present  proprietors  had  reset  them  lately,  and  were  continuing  to 
work  them  at  50  lbs.  pressure  per  square  inch.  The  boilers  were 
made  of  Bessemer  steel,  a  material  which  was  called  unreliable ;  they 
were  constructed  for  a  working  pressure  of  100  lbs.,  but  the  pressure 
had  been  reduced  to  50  lbs.  soon  after  starting,  because  of  the 
difficulty  experienced  at  that  period  in  keeping  tight  the  steam-pipe 
joints  through  the  sugar  house.  The  size  of  the  boilers  was  30  feet 
long  and  6^  feet  diameter ;  the  shell  plates  were  5-16ths  inch  thick 
double  riveted  throughout.  There  was  a  single  flue  through,  of 
3  feet  10  inches  diameter,  made  of  5-16ths  inch  plates,  with  Adamson 
flanged  seams  at  16-iuch  centres.  Originally  the  furnace  had  been 
24  feet  long,  with  about  ninety  3-inch  tubes  at  the  back  end,  forming 
Cornish  multitubular  boilers. 

So  far  as  he  could  say,  the  drilling  machine  shown  in  Plate  117 
represented  about  the  period  of  1875  ;  Plate  120  represented  1887 
or  1888 ;  and  Plate  123  represented  1894.  The  present  paj)er  had 
been  prepared  with  a  view  to  its  being  read  at  the  recent  meeting  in 
Manchester,  where  the  members  had  been  invited  to  see  the  latest 
machine  at  his  own  works.  The  time  of  changing  the  work  on  the 
machines  was  looked  upon  as  much  more  important  than  an  additional 
sixteenth  of  an  inch  per  minute  in  the  rate  of  advance  of  the  drills, 
because  these  multiple  drills  ran  round  the  shell  in  an  hour,  or  they 
could  drill  an  ordinary  boiler-ring  including  the  butt  strap  in  two 
hours.  But  if  it  took  an  hour  to  change,  it  took  a  great  deal  of 
speed  to  make  any  difference  ;  wliereas,  if  by  more  suitable  appliances 
the  changing  could  be  done  in  half  an  hour,  a  considerable  increase 
in  the  output  from  the  machine  would  be  obtained  without  the 
excessive  wear  and  tear  inseparable  from  high  cutting  speeds.    These 
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drills  had  not  had  mucli  work  during  the  three  months  since  they 
were  started ;  but  up  to  the  present  time  they  had  got  very  well 
through  the  little  they  had  done. 

Mr.  Joseph  Whitworth  Hdlse  noticed  that  the  drilling  machines 
dealt  with  in  the  paper  were  applicable  more  particularly  to  Lancashire 
boilers ;  the  drilling  of  other  boiler  shells  had  not  been  touched 
upon,  such  as  those  of  marine  boilers,  on  which  drilling  had  been 
the  practice  long  anterior  to  the  Lancashire  boiler,  and  also 
locomotive  boilers,  for  which  drilling  in  position  was  a  comparatively 
recent  innovation.  Multiple  drilling  machines  had  been  made  twenty 
or  twenty-five  years  ago  by  the  late  Mr.  J.  S.  Hulse,  not  only  for 
drilling  marine  boiler-plates  in  the  flat,  but  also  for  drilling  the 
holes  after  the  plates  had  been  bent.  After  a  time  the  machines  for 
drilling  the  flat  plates  were  discarded,  and  those  only  were  used 
which  dealt  with  the  plates  after  bending,  and  which  of  course  were 
modified  and  strengthened  for  the  purpose.  In  these  the  boiler 
shells  were  placed  horizontally,  an  arrangement  which  seemed  to 
possess  advantages  not  confined  to  marine  boilers  only,  but  for 
all  sizes  of  shells,  down  to  the  comparatively  diminutive  drums  of 
water-tube  boilers,  such  as  had  now  been  adopted  for  tori)edo-boat 
■destroyers. 

The  chief  features  mentioned  in  page  513  as  presented  by  the 
machine  there  described,  in  which  the  shell,  or  rather  a  section 
of  the  shell,  was  drilled  in  a  vertical  position,  were  shared  also  by 
machines  dealing  with  shells  placed  horizontally.  Moreover  in  the 
latter  might  also  be  included  two  additional  important  features  : 
namely  first,  that  all  the  circumferential  seams  might  be  drilled  at 
the  same  time  ;  and  secondly,  that  the  same  drill  spindles  which 
dealt  with  the  circumferential  seams  might  be  readily  grouped  to  do 
the  longitudinal  seams  also.  With  regard  to  the  means  adopted  for 
withdrawing  the  drills  quickly,  it  would  appear  preferable  to  avoid 
reversing  the  direction  of  rotation,  on  account  of  the  liability  to  snij) 
the  drills  or  injure  their  cutting  edges  by  the  reversal. 

With  reference  to  locomotive-boiler  drilling,  it  might  be  of 
interest  to  draw  attention  to  the  plural  drilling  machine  recently 
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constructed  by  liis  firm  for  Messrs.  Diibs  and  Co.,  Glasgow, 
from  the  designs  of  Mr.  Charles  M.  Davies.  The  general 
arrangement,  as  seen  from  Plates  131  and  132,  was  strikingly  novel. 
The  chief  i)oints  ke^Dt  in  view  in  scheming  this  machine  were,  firstly, 
that  the  numerous  sizes  and  forms  of  boilers  met  with  in  a 
locomotive-building  establishment  had  to  be  provided  for ;  and 
secondly,  that  it  was  desirable,  and  in  many  cases  imperative,  for 
the  boiler  shells  to  be  completely  erected  before  drilling,  and  for 
the  drilling  to  be  completed  with  the  fewest  possible  re-settings. 
With  respect  to  the  first  point,  it  should  be  borne  in  mind  that  the 
seams  connecting  the  barrel  with  the  throat-plate  and  the  fire-box 
shell,  and  in  turn  the  latter  with  the  flanged  back-plate,  were 
sometimes  neither  at  right  angles  nor  parallel  to  the  longitudinal 
axis  or  vertical  plane  of  the  boiler.  The  boiler  shell,  after  being 
tacked  together  by  a  few  service  bolts,  and  fitted  with  temporary 
ends  having  pivots  attached,  was  placed  in  bearings  upon  a  trolly, 
and  run  endwise  into  or  under  the  machine,  and  all  the  holes  in  the 
upper  half  were  drilled.  Afterwards  the  boiler  was  turned  half  round, 
bottom  upwards,  and  the  holes  in  the  lower  half  were  drilled,  the 
whole  of  the  drilling  being  thus  completed  with  only  one  shifting 
of  the  work.  The  machine  had  two  horizontal  slide-beds,  i)laced  on 
opposite  sides  of  the  pit  in  which  the  trolly  ran  upon  rails.  Vertical 
standards  carrying  the  self-contained  countershafting  were  attached 
to  the  ends  of  each  bed.  In  the  beds  were  racks,  by  means  of  which 
the  several  radial  drilling  headstocks  were  traversed  longitudinally 
by  hand  or  power  in  either  direction  for  rapid  adjustment.  The 
radial  drilling  headstocks  consisted  of  segmental  curved  arms,  along 
which  the  spindle  slides  were  traversed  by  means  of  curved  racks 
the  arcs  of  the  sliding  surfaces  being  struck  from  the  imaginary 
centre-line  of  the  boiler,  so  that  when  dealing  with  the  barrel  the 
drills  always  pointed  radially  to  the  centre.  In  order  to  cope  with 
holes  at  all  the  various  angles  met  with  in  a  locomotive  boiler,  each 
segmental  arm  was  mounted  upon  a  swivel  base,  and  each  drill 
spindle  was  provided  with  a  radial  adjustment  in  a  vertical  plane. 
Eotary  motion  was  transmitted  from  the  countershafts  to  the  drill 
spindles   by   means   of  endless   leather   bands   and    bevil."  gearing, 
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tension  apj)aratus  being  fitted  to  eacli  radial  drilling  headstock  in 
order  to  keep  the  band  tight ;  and  friction  clutches  were  provided 
for  starting  and  stopping  each  s^iindle  independently.  An 
independent  self-acting  feed-motion  by  screw  and  differential  gear 
was  provided  for  each  spindle  ;  and  also  a  quick  traverse  in  and  out. 
The  machine  shown  in  Plates  131  and  132  had  six  drill  spindles ;  but 
this  number  might  be  varied  to  meet  special  req^uirements.  He  had 
been  informed  by  the  inventor  that  with  four  drills  only  in  oj)eration 
a  large  locomotive  boiler,  having  upwards  of  a  thousand  rivet-holes 
of  13-16ths  inch  diameter,  had  been  drilled  in  the  short  time  of 
sixteen  hours,  including  setting. 

In  Plates  133  to  135  was  shown  a  multiple  drilling  machine  made 
by  his  firm  for  the  North  Eastern  Marine  Engineering  Co.,  Wallsend, 
for  drilling  the  shells  of  large  marine  boilers.  Here  the  boiler 
shell  was  placed  horizontally  on  a  series  of  rollers  in  front  of  the 
drilling  machine,  which  had  four  horizontal  rarlial  arms  carrying 
drill  sjnndles.  When  these  had  drilled  round  a  certain  portion  of 
the  circumference,  the  shell  was  partially  revolved  upon  the  rollers 
by  jiower,  so  as  to  present  a  fresh  portion  to  the  drills ;  and  so  on 
till  the  circle  was  completed.  The  usual  size  of  holes  drilled  was 
from  Ij  to  1^  inch,  and  sometimes  up  to  If  inch  diameter.  The 
drill  spindles  made  from  150  to  160  revolutions  per  minute.  The 
rate  of  advance  or  feed  was  IjL  inch  per  minute,  when  the  drills 
were  making  150  revolutions  per  minute.  The  points  of  the  drills 
were  forged  flat,  with  lijis  slightly  bent  to  give  keen  cutting  edges  ; 
twist  drills  were  unable  to  stand  such  heavy  work,  which  was  equal 
to  a  circumferential  cutting  sliced  of  about  50  feet  jier  minute,  with 
an  advance  of  l-140th  of  an  inch  for  each  revolution  of  the  drills. 

Mr.  Thomas  Beeley  considered  the  thanks  of  engineers  were 
due  to  the  author  for  introducing  a  principle  in  drilling  boiler 
shells  which  had  been  called  for  by  the  peculiarity  and  the  form  of 
the  material  that  had  now  to  be  dealt  with.  From  the  very 
commencement  in  1857  when  steel  boilers  began  to  be  made  he 
had  himself  been  associated  with  the  late  Mr.  Daniel  Adamson,  and 
from  the  outset  they  began  with  always  drilling  the  shells;    the 
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manner  in  wliicli  the  work  Avas  done  had  been  well  described  by 
Mr.  Joseph  Adamson.  The  principal  objection  however  to  the  first 
form  of  multl2)le  drilling  machine,  although  it  did  accomplish  its 
object,  was  that  all  the  plates  had  to  be  set  out  and  marked  off  to 
begin  with,  and  a  correct  centre-pop  made  for  each  individual 
rivet-hole,  in  order  to  get  the  drills  to  start  in  the  proper  position. 
But  notwithstanding  those  precautions  to  secure  regularity  of 
drilling,  it  would  be  well  understood  that,  with  the  shell  of  the 
boiler  slung  from  a  crane,  and  with  each  drill  head  separate,  the 
shell  was  not  held  steady  enough  in  any  position,  but  went  on 
wobbling  up  and  down  during  the  whole  of  the  drilling.  Moreover 
if  there  was  any  play  in  the  sleeves  of  the  drills,  there  would  be  a 
considerable  movement  in  the  shell  of  the  boiler ;  and  the  natural 
conseq[uence  was  that  there  could  not  be  perfect  alignment  of  the 
rivet-holes,  nor  perfect  regularity  in  their  pitch.  The  first 
endeavour  after  that  experience  was  to  obtain  some  fixed  base  or 
abutment  to  drill  against ;  and  the  next  step  was  to  try  to 
accomplish  what  had  been  mentioned  by  Mr.  Hulse,  namely  to 
put  the  shell  together  beforehand,  laying]  it  horizontally  between 
centres,  and  rotating  it  with  each  transverse  seam  in  front  of  a 
separate  drilling  head  placed  upon  a  bed  running  parallel  with 
the  boiler  shell.  But  in  practice  that  was  found  to  be  too  expensive 
a  method ;  and  afterwards  the  simpler  plan  was  reverted  to  of 
setting  up  a  single  drilling-head,  drilling  one  hole  at  a  time  with 
a  single  drill.  At  the  present  time  no  doubt  it  Avould  be  considered 
rather  a  slow  procedure,  where  a  great  number  of  holes  had  to  be 
drilled,  to  have  simply  one  drilling  head  at  work.  But  there  was 
a  curious  experience  connected  with  that  class  of  drilling,  which 
was  worthy  of  being  recorded,  and  out  of  which  really  had  arisen 
the  excellent  drilling  machines  described  in  the  j)aper.  The  singular 
exjierience  was  that  with  some  of  the  multiple  machines  which  cost 
£300  or  £400  no  more  work  could  be  done  than  with  a  single  drill. 
Where  the  work  was  set  out  beforehand  and  a  sufficient  resistance 
was  given  to  the  drill  point,  it  would  be  found  that  nearly  as  much 
work  could  be  got  through  with  a  single  drill  as  with  four  drills 
under  the  usual  conditions  under  which  boiler  shells  were  drilled. 


52-4  BOILER- SHELL    DRILLING    MACHINES.  OcT.  1804, 

(Mr.  Thomas  Beeley.) 

lie  had  liad  one  drill  fixed  upon  the  head  of  a  Twcddell  hydraulic 
riveting  machine  of  the  old-fashioned  cast-iron  pattern,  as  solid  as 
anything  of  the  kind  could  be ;  the  resistance  was  furnished  by  the 
I'.ub,  and  between  the  two  the  boiler  shell  was  simply  slung  from 
a  crane,  as  it  would  be  for  riveting.  With  that  single  drill  costing 
only  £.50  as  many  holes  per  hour  could  be  drilled  as  with  a  four- 
spindle  machine  that  cost  £300,  owing  altogether  to  the  firmer 
resistance  ofiered  to  the  drill  point.  When  there  was  any  flexibility 
in  the  material,  the  drill  as  soon  as  it  began  to  come  through  was 
forced  through  at  once,  to  the  detriment  both  of  the  drill  and  of  the 
hole  itself.  Too  great  stress  therefore  could  hardly  be  laid  upon 
the  importance  of  making  everything  as  solid  as  possible  in  boiler- 
drilling  machines.  Drills  for  boiler-making  he  considered  were 
required  to  be  four  times  as  strong  as  those  for  drilling  cast-iron. 
In  a  vertical  four-spindle  drilling  machine  made  for  him  by 
Mr.  Hulse  for  drilling  the  longitudinal  butt-joints  of  boilers,  the 
drilling  was  done  from  the  inside  of  the  shell,  which  lay  horizontally 
upon  solid  cast-iron  bearings,  the  latter  again  lying  on  a  firm 
foundation ;  the  resistance  therefore  was  absolute,  and  the  drill 
could  consequently  do  its  full  work,  because  it  had  an  absolute 
resistance  to  work  against.  When  the  boiler  shell  stood  vertically 
on  end  for  drilling,  as  in  the  machine  shown  in  Plate  120,  it  was 
necessary  to  depend  upon  putting  an  angle-iron  ring  inside  the 
circumferential  seam  of  the  boiler,  and  fixing  it  with  eight  or  more 
screws,  in  order  to  get  what  resistance  it  could  offer  for  the  drills  ta 
work  against.  Notwithstanding  that  precaution,  at  least  half  of 
the  drills  were  broken.  It  was  indeed  astonishing,  and  would  seem 
scarcely  credible  if  it  had  not  been  thoroughly  observed,  that  a, 
machine  of  that  kind  with  four  drills  could  not  get  through  as  much 
work  as  could  be  done  with  two  drill  points,  when  the  resistance  to 
the  latter  was  absolutely  unyielding. 

With  regard  to  the  machine  shown  in  Plates  123  to  126,  which  he 
had  seen  in  operation  at  Mr.  Joseph  Adamson's  works,  it  seemed  to 
him  that,  if  it  were  divided  into  two,  as  suggested  in  page  516,  so  that 
the  drilling  of  both  circular  and  longitudinal  seams  could  be  carried 
on  independently,  it  would  offer  the  best  solution  of  any  that  had  yet 
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been  attempted  for  drilling  boiler-sliells,  affording  a  rigid  resistance 
to  the  drill  points,  and  also  giving  great  facility  for  drilling  the 
holes  and  withdrawing  the  drills.  The  manufacture  of  boilers  was 
subject  to  such  severe  competition  that,  if  one  machine,  whatever  it 
might  have  cost,  was  not  capable  of  doing  the  work  as  cheaply  as 
another,  it  had  tq  be  thrown  aside  and  another  got  immediately, 
before  any  risk  could  arise  of  work  being  taken  elsewhere  to  avoid 
flelay  in  its  execution.  Difference  of  speed  was  a  matter  which  had 
also  occasioned  some  perplexity  to  boiler  makers  generally,  because 
what  served  well  for  cast-iron  would  not  do  for  steel,  as  regarded 
either  rate  of  feed  or  number  of  revolutions  per  minute.  In  his  own 
works  he  had  tried  different  speeds  of  revolution  for  the  drills  and 
also  different  rates  of  feed.  In  different  machines  he  had  had  no  less 
than  seven  dififerent  speeds  of  drill  and  seven  different  rates  of  feed. 
The  difference  he  thought  had  not  been  fully  recognised  in  the  early 
days  of  drilling  iron  boiler-shells.  At  that  time,  as  was  well 
known,  each  ring  in  the  shell  of  a  Lancashire  boiler  was  made  in 
three  plates.  Therefore  the  first  of  the  machines  for  drilling 
in  position  was  made  with  three  drilling  heads,  so  as  to  drill 
simultaneously  up  each  vertical  or  longitudinal  seam,  and  afterwards 
to  drill  the  transverse  or  circumferential  seam. 

The  twist-drill  had  not  j)roved  at  all  successful  for  drilling  steel 
boiler-plates.  It  did  well  enough  in  fitting  sho2)s  and  elsewhere  for 
drilling  wrought-iron  ;  but  with  a  flexible  material  like  steel,  and 
particularly  with  plates  likely  to  spring  upon  the  drill  just  when  it 
was  immediately  passing  through,  it  was  found  that  the  ends  of  the 
drills  got  twisted  off;  and  one  went  after  another  far  too  fast  to  be 
tolerated,  considering  that  they  cost  6s.  Gd.  each  to  renew.  Therefore 
in  the  boiler-drilling  machines  which  he  was  working,  and  which  he 
should  continue  to  work  until  he  could  see  his  way  to  abandon  them 
for  something  better,  a  peculiar  form  of  drill  was  used,  which  might 
bo  called  a  bastard  twist-drill,  being  twisted  only  at  its  very 
extremity,  through  the  last  half  inch  of  its  length.  It  was  twisted 
through  about  the  same  angle  as  the  ordinary  twist-drill ;  but  it 
did  not  clear  itself  like  the  twist-drill.  "When  drilling  vertically 
downAvards  against  a  solid  resistance,  the  twist- drill  had  the  great 
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advantage  that  it  cleared  its  own  liole  as  it  went  on,  and  did  tlie 
higliest  duty ;  but  in  drilling  horizontally  against  a  yielding 
resistance  such  as  already  mentioned,  the  bastard  twist-drill  was 
the  most  economical  in  use,- the  hole  being  cleared  by  the  attendant. 

For  the  first  steel  boilers  made  by  Mr.  Daniel  Adamson  he 
remembered  that  as  much  as  £45  per  ton  was  paid  for  the  material, 
which  was  procured  from  Messrs.  Howell  of  Sheffield.  The  plates 
were  from  ^  to  5-16ths  inch  thick,  and  the  factor  of  safety  was 
four,  as  it  had  previously  been  for  wrought-iron  plates.  When 
subsequently  the  permanent  production  of  Siemens-Martin  steel 
had  been  realised,  he  could  not  understand  how  it  was  that  the 
factor  of  safety  had  been  raised  to  five  by  the  boiler  insurance 
companies,  notwithstanding  that  boiler  plates  of  this  material 
were  really  more  reliable  than  either  wrought-iron  or  Bessemer 
l)lates  at  that  time.  After  the  Sheffield  jjlates  the  next  steel 
I)lates  used  for  boilers  by  Mr.  Adamson  were  some  made  at  the 
Mersey  Forge,  Liverpool,  and  at  Pontypool,  which  were  supplied  at 
£25  per  ton.  Then  Bessemer  plates  began  to  be  introduced  at 
the  same  price,  and  afterwards  came  down  gradually  to  £17. 
Subsequently  other  steel  plates  began  to  be  introduced ;  until  now, 
as  was  well  known,  the  very  best  material  was  found  to  be  the 
cheapest  of  any  that  boiler-makers  had  ever  used.  Meanwhile 
drilling  had  gone  on  keeping  pace  with  the  imi)rovements  in  boilers, 
and  with  the  improvement  in  the  material  for  making  them.  Hence 
iu  respect  of  pressures  the  Lancashire  boiler  could  now  almost 
rank  alongside  the  locomotive.  Lancashire  boilers  were  being 
made  of  8^  feet  diameter  to  work  at  150  or  160  lbs.  pressure 
per  square  inch,  and  some  even  up  to  200  lbs.  This  was  all  due 
jointly  to  the  suj)erior  method  of  manufacture,  and  to  the  excellent 
material  which  various  steel-makers  were  now  able  to  turn  out. 
Although  Bessemer  steel  had  been  so  well  spoken  of,  and  although 
a  considerable  number  of  his  own  boilers  made  of  that  material  had 
now  been  at  work  for  26  or  27  years,  it  did  not  ajijiear  to  him  to  be 
quite  a  safe  material  for  such  use  from  what  he  had  observed  of  its 
behaviour.  Boilers  of  Bessemer  steel  erected  in  France,  made  with  a 
factor  of  safety  of  four,  had  been  re-tested  by  the  French  government 
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after  ten  years'  working,  and  liad  failed  at  only  double  the  working 
pressure,  giving  way  not  simply  througli  the  line  of  the  rivets, 
where  they  might  have  been  expected  to  go  first,  because  the 
strength  of  the  seam  was  calculated  at  72  per  cent,  of  that  of  the 
solid  plate ;  but  the  fracture  had  run  right  along  the  solid  plate,  and 
then  gone  into  the  seam,  and  out  into  the  solid  j)late  again.  There 
was  no  material  that  he  had  known  of  any  description  which  in  his 
own  experience  was  equal  to  the  present  Siemens-Martin  steel  for 
good  service  rendered  in  boilers,  and  for  the  facility  it  aiforded  to  all 
boiler-makers  to  produce  the  best  work  at  the  minimum  cost. 

Mr.  E.  E.  Dolby  noticed  that  the  drill  was  withdrawn  by 
means  of  a  screw  on  the  rear  end  of  the  spindle  ;  and  he  asked 
what  means  were  taken  to  prevent  over-running  in  the  quick  return : 
whether  a  clutch  or  a  j)ositive  motion  was  used  for  giving  the 
reverse  rotation  by  which  the  drill  was  drawn  back.  It  appeared  as 
though  great  attention  would  be  required  on  the  part  of  the  workman 
to  prevent  the  screw  from  jamming  in  the  nut. 

Mr.  Jeremiah  Head,  Past-President,  said  it  seemed  to  him  that, 
in  boiler-making,  as  in  screw-making  which  had  been  the  subject 
of  the  previous  evening's  discussion,  the  time  had  arrived  when 
all  work  must  be  done  much  more  accurately  than  had  formerly  been 
thought  necessary.  Everything  indeed  in  the  entire  domain  of 
engineering — whether  it  were  an  eighty-ton  gun  or  a  watch-screw — 
must  be  made  in  an  absolutely  perfect  manner ;  and  the  costly  and 
elaborate  character  of  the  machinery  which  was  required  for  attaining 
this  end  seemed  to  have  increased  on  a  vast  scale  in  proportion  to 
the  article  manufactured,  and  in  comparison  with  what  it  used  to  be. 
Formerly  only  a  few  small  tools  were  available,  with  which  to 
produce  large  work ;  but  now  elaborate  machinery  was  required  for 
accomplishing  what  at  first  sight  would  appear  insignificant  details. 
Boiler-making  must  be  thoroughly  good  engineering  work  in  all 
respects,  otherwise  boilers  could  not  stand  the  higher  pressures 
which  were  now  required,  and  upon  wliicli  tlic  efficiency  of  the 
steam-engine   was   so   largely   dependent.      To  make  a  thoroughly 
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good  job,  everytliing  from  beginning  to  end — from  tlie  material  and 
tbe  preliminary  processes,  up  to  the  finislied  boiler — must  be  done  in 
a  tborougbly  scientific  and  careful  way,  witb  the  best  skill  and 
appliances.  The  need  seemed  to  be  to  take  the  utmost  pains  with 
everything  as  the  work  proceeded,  beginning  with  the  material 
itself.  As  mentioned  in  the  paper  (page  514),  by  the  time  the  boiler 
was  ready  for  drilling,  it  ought  to  hold  together  without  any 
temporary  bolting  at  all.  Owing  to  the  rigid  abutment  provided 
inside  the  boiler  shell  in  the  author's  latest  machine,  the  drills 
coming  into  operation  outside  found  a  steady  resistance  to  work 
against.  There  was  no  spring  at  all,  and  they  therefore  went  right 
through,  without  producing  any  distortion  of  the  shell  itself.  This 
appeared  to  be  the  principle,  which  had  now  been  realised  in  practice. 
No  doubt  the  fixing  of  the  rigid  internal  support,  to  which  previous 
speakers  had  referred,  was  a  highly  important  step  in  regard  to  the 
ultimate  character  of  the  work ;  because  if  there  was  a  yielding 
support,  so  that  the  stress  came  upon  the  plates  themselves, 
they  must  bend  about  and  become  distorted,  and  not  only  would 
the  drills  be  broken,  but,  what  was  far  worse,  the  consecjuence  of 
the  pressure  and  stress  put  upon  the  boiler  shell  woiild  .be  that, 
when  it  came  back  to  its  proper  shape,  the  holes  would  not  be 
absolutely  fair.  It  had  been  said  (page  518)  that  working  boiler- 
makers  were  not  accustomed  to  drawings.  That  was  certainly  true  ; 
and  it  was  therefore  necessary  to  provide  the  proper  appliances  for 
performing  the  whole  of  the  requisite  operations — shearing,  jjlaning, 
bending,  drilling,  and  riveting — so  that  they  could  not  by  any 
means  be  done  wrong.  At  some  works  which  he  had  visited  a 
short  time  previously  in  the  North  of  England,  where  it  was  felt 
that  they  had  fallen  behind  the  date  in  boiler-making,  it  was 
estimated  that  it  would  cost  something  like  £10,000,  simply  for 
additional  machinery,  before  they  could  begin  to  make  even 
Lancashire  boilers  in  competition  with  the  works  in  the  Manchester 
district;  and  the  consideration  had  arisen  whether  tubulous  boilers 
were  not  now  coming  to  the  front ;  and  if  so,  whether  all  the 
machinery  that  would  have  to  be  j)rovided  for  the  manufacture  of 
Lancashii'e  boilers  would  not  have  then  to  be  altered.     This  was 
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one    of    the    contingencies    for    which    boiler     manufacturers    had 
nowadays  to  look  out. 

The  excellent  material  with  which  boiler-makers  had  now  to  deal 
had  been  spoken  of  by  Mr.  Beeley  (page  526)  ;  and  also  the  much 
inferior  material  which  cost  £45  a  ton  some  twenty-five  years  ago. 
An  American  engineer  had  lately  been  advocating  an  alloy  of 
aluminium  and  copper  as  the  best  material  for  making  the  under- 
frames  of  railway  carriages  and  wagons,  and  had  represented  that 
for  these  and  other  purposes  it  would  be  likely  to  supersede  steel. 
But  it  must  be  remembered  that  at  present  such  an  alloy  of 
aluminium  and  copper  could  not  be  produced  under  something 
like  two  shillings  a  pound ;  whereas  he  had  no  doubt  that  steel 
plates  of  ordinary  sizes  for  boilers  would  not  be  considered 
cheap  at  one  penny  a  pound:  showing  how  cheap  the  highest-class 
steel  now  was  in  comparison  with  any  other  material  which  was 
likely  to  come  into  competition  with  it.  While  entertaining  some 
misgivings  in  regard  to  Bessemer  steel  for  boilers,  Mr.  Beeley 
had  expressed  the  opinion  (page  527)  that  there  was  nothing  like 
open-hearth  steel :  having  in  his  mind  no  doubt  the  material  which 
was  now  almost  universally  used  in  this  country  for  boilers  and  for 
ships,  namely  open-hearth  steel  made  out  of  Spanish  ore  by  the  acid 
process.  When  visiting  the  United  States  four  years  ago,  he  had 
found  at  the  Carnegie  steel  works  at  Homestead  that  they  Avere 
then  just  putting  up  a  considerable  number  of  Siemens  open-hearth 
acid-lined  furnaces  for  the  purpose  of  making  boiler  j^lates 
and  shij:)  plates  for  the  American  navy  ;  they  had  one  or  two  furnaces 
with  basic  linings,  but  the  rest  were  acid.  Now  however  in  his 
recent  visit  he  found  that  the  whole  of  the  acid-lined  ojien-hearth 
furnaces  had  been  altered  to  basic.  The  basic  steel  so  made  was  being 
regularly  used  in  the  American  navy,  and  subjected  to  the  severest 
Admiralty  tests ;  ho  understood  there  were  no  rejections  whatever, 
and  that  nothing  else  was  being  used.  This  was  a  somewhat  different 
material  from  that  advocated  by  Mr.  Beeley  ;  and  he  mentioned  it 
merely  in  order  to  show  that  the  end  had  scarcely  yet  been  reached, 
and  that  probably  for  all  the  purposes  above  mentioned  the  day 
might  come  when   the  present  fine  material  would  be  replaced  by 
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open-liearth  basic  steel.  This  was  tlio  material  wliicli  was  now  being 
almost  exclusively  made  in  Belgium  and  in  Germany,  and  apparently 
also  in  America  ;  whereas  in  this  country  steel-makers  were  as  yet 
adhering  almost  entirely  to  the  acid  open-hearth  process  for  the 
production  of  boiler  plates  and  ship  plates. 

I\Ir.  Leslie  S.  Eobinsox  asked  whether  the  author  had  had  any 
experience  in  regard  to  drilling  the  holes  for  the  tubes  in  tubulous 
boilers,  and  at  what  speed  the  work  could  be  done.  The  paper  and 
discussion  had  thus  far  dealt  with  the  drilling  of  cylindrical  boiler 
shells  ;  and  it  was  a  difficult  matter  to  get  a  good  drill  to  deal  quickly 
Avith  the  large  number  of  holes  that  had  to  be  drilled  in  tubulous 
boilers.  There  were  two  holes  to  be  drilled  for  each  tube  ;  and  they 
had  to  be  good  true  holes,  because  the  tube  ends  had  afterwards  to  be 
expanded  in  them. 

Mr.  Dixox  said  that  the  new  drilling  machine  made  for  Mr.  Joseph 
Adamson  had  intentionally  been  arranged  in  the  combined  form  shown 
in  Plates  123  to  126,  so  that  one  setting  of  the  rings  was  sufficient  for 
both  the  circular  and  the  longitudinal  seams.  This  seemed  to  be  an 
advantage  in  some  workshops,  depending  somewhat  on  the  routine 
followed  in  the  particular  shoj) ;  and  Mr.  Beeley  would  jirefer 
dividing  the  machine  into  two  (page  524),  which  could  easily  be  done. 
It  would  be  observed  that  the  internal  sujiport  in  the  centre  of  the 
circular  turntable  served  alternately  for  both  groups  of  drills  ;  when 
it  had  been  used  for  drilling  the  circular  seam  it  could  be  shifted 
across  to  the  opposite  side  to  form  a  rigid  support  for  drilling  the 
longitudinal  seam.  In  testing  the  machine  on  completion,  a  ring  had 
been  drilled  which  had  the  manhole  cut  in,  and  through  the  latter  it 
was  easy  to  watch  the  drill  points  just  coming  through  the  shell ;  and 
he  had  not  been  able  to  detect  the  slightest  yielding  of  the  shell 
under  the  pressure  of  the  drills.  In  the  ordinary  drilling  of  a  boiler 
shell  from  the  outside,  it  was  well  known  that  the  shell  yielded 
considerably ;  and  this  was  where  the  difficulty  had  been  met  with  in 
boiler  drilling.  It  was  a  difficulty  that  had  been  noticed  for  years 
past  by  many  engineers  ;  and  it  had  not  been  easy  to  obviate  it. 
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This  lie  had  now  endeavoured  to  accomplish  by  means  of  the 
substantial  and  rigid  supjjort  inside  the  shell,  because  the  efficiency 
of  the  drills  undoubtedly  depended  on  the  absolute  rigidity  both  of 
the  drill  spindles  and  of  the  work.  So  far  as  the  general  combination 
of  the  machine  was  concerned,  which  was  illustrated  in  Plates  123  to 
126,  he  regretted  that  no  two  boiler-makers  appeared  to  like  to  have 
their  machines  in  the  same  form  ;  strangely  enough  nearly  every 
boiler-drilling  machine  required  special  modifications  and  new 
drawings,  to  suit  the  conditions  of  different  workshops. 

The   practice  of  placing  boiler  shells   horizontally  on   rollers 
when  being  drilled  had  been  referred  to  by  Mr.  Hulse  (page  520), 
by  whom  it  was  considered  that  machines  so  arranged  shared  the 
chief  features  mentioned  in  page  513  as  presented  by  those  in  which 
the  shells  were  placed  vertically.     This  however  he  thought  could 
hardly  be  the  case ;  for  when  the   shell   was   placed   horizontally 
it  involved  the  tedious  process  of  setting  out  all  the  holes  by  hand, 
because  the   shell  with  its  butt  straps  on  did  not  describe  a  true 
circle  when  rotated  on  rollers.     Each  spindle  had  also  to  be   set 
independently  for  every  hole,  requiring  for  this  purpose  three  separate 
adjustments  before  its  axis  could  be  brought  normal  to  the  curvature 
of  the  plate  ;  and  the  correct  position  was  arrived   at  only  by  a 
process  of  guess  and  trial :  whereas  in  such  a  machine  as  was  shown 
in  Plates  123  to  126  the  drills  were  only  once  adjusted  for  the  whole 
boiler.     After  starting  to  work,  no  time  whatever  was  lost  in  setting 
the  drills ;    and   much    greater  accuracy  was  attained.     When    the 
shell  was  placed  vertically  on  a  dividing  table,  all   the  sjiacing  of 
the  holes  was  done  mechanically  and  with   the  greatest  precision  ; 
for  a  single  turn  of  a  handle  brought  the  shell  round  exactly  into 
position  ready  for  another  group  of  holes,  without  any  marking  out 
whatever.    With  the  comparatively  light  shells  of  Lancashire  boilers 
other  difficulties  occurred,  owing  to  their  flexibility ;  for  they  got 
out  of  truth  when  lying  on  their  sides,  and  it  was  quite  impracticable 
when  they  were  horizontal  to  resist  the  pressure  of  the  drills  by  a 
rigid  internal  support.     Another  consideration  of  some  importance 
was   that,   in  well  equipped  works  where   the  rings  were  bent  on 
vertical  rolls,  it  was  highly  desirable  to  avoid  the  trouble  of  turning 
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them   on  to  their  sides  for  drilling,  because  the  next  operation  of 
riveting  had  to  be  done  with  the  rings  again  vertical. 

Although  thepaj^erhad  dealt  only  with  the  drilling  of  cylindrical 
boiler  shells,  the  machines  had  been  adapted  successfully  to  the 
drilling  of  locomotive  boilers  also.  Machines  for  this  piirposc 
had  been  made  by  his  firm  for  Messrs.  Sharj),  Stewart  and  Co., 
Glasgow,  and  for  other  locomotive  builders.  The  machine  described 
by  Mr.  Hulse  (page  521)  was  certainly  an  elaborate  design,  and 
seemed  to  him  to  be  rather  too  elaborate  to  prove  effective.  The 
six  drill  spindles  which  were  mounted  on  the  curved  arms  or  jib 
cranes  he  imagined  would  requii-e  at  least  two  men  to  attend  to 
them ;  and  he  noticed  that  the  statistics  given  had  reference  to  the 
working  of  only  four  drills  out  of  the  six  on  the  machine.  It  must 
in  fact  be  difiicult,  if  not  positively  dangerous,  for  a  man  on  the  top 
of  the  shell  to  get  about  among  the  forest  of  drilling  spindles  and 
driving  gear.  In  regard  also  to  the  setting  of  the  work,  it  seemed 
to  him  that,  after  drilling  round  the  upper  portion  of  the  shell,  the 
whole  locomotive  boiler  would  require  drawing  out  altogether  from 
under  the  machine,  in  order  to  be  able  to  turn  the  fire-box  up.  This 
design  also  presented  the  disadvantages  already  mentioned  of 
horizontal  shells,  as  all  the  marking  out  had  to  be  done  by  hand, 
and  a  separate  drill-spindle  had  to  be  adjusted  accurately  for  each 
hole. 

The  liability  of  the  drills  to  snip  when  reversed  (page  520)  he 
had  not  found  to  exist,  nor  could  he  imagine  how  it  could  possibly 
occur ;  for  the  drills  were  not  cutting  but  were  through  the  holes  at 
the  time  when  they  were  reversed.  Even  if  reversed  while  cutting, 
they  instantly  withdrew  from  the  face,  and  did  not  rub  on  it  as 
would  be  the  case  with  a  common  drill  reversed  but  not  withdrawn. 

The  statistics  given  as  to  marine  boiler  drilling  (page  522) 
appeared,  as  far  as  he  could  judge,  to  agree  fairly  with  those  given 
in  the  paper  (pages  514-15)  for  smaller  holes  of  13-1 6ths  and 
15-16ths  inch  diameter. 

The  necessity  for  rigidity  had  been  strongly  urged  by  Mr.  Beeley 
(page  523)  ;  and  he  was  himself  convinced  that  there  was  certainly  no 
point  so  essential  in  any  drilling  machine  as  that  of  absolute  rigidity. 
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It  was  not  a  question  of  providing  against  actual  breakage,  but  the 
more  difficult  matter  of  preventing  elasticity  and  vibration  from 
creeping  in,  and  causing  defective  work.  The  use  of  twist-drills 
also  had  been  approved  by  Mr.  Beeley  (page  525)  for  work  in  which 
absolute  rigidity  could  be  obtained  ;  this  was  the  case  with  the  new 
machine,  in  which  he  thought  that  twist-drills  were  decidedly  an 
advantage.  Having  seen  in  operation  the  small  lip-twist  drill  which 
Mr.  Beeley  used  (page  525),  he  considered  it  was  certainly  effective 
where  there  was  any  doubt  about  the  rigidity  of  the  machine.  The 
breakage  of  drills  was  really  due  to  the  elasticity  of  the  boiler  shell, 
and  not  to  anything  else.  As  soon  as  the  drill  began  just  to  point 
through  the  plate,  it  almost  punched  the  last  bit  of  the  hole  ;  and  in 
doing  so,  off  went  the  end  of  the  drill.  This  he  considered  was  the 
cause  of  all  the  trouble  in  the  breakage  of  drills.  It  had  been  a 
difficult  matter  to  deal  with  ;  but  he  thought  the  difficulty  was  now 
perfectly  met  by  the  rigid  sui^port  from  the  inside  of  the  shell. 

All  the  drills  were  rigidly  connected  together ;  and  there  was  a 
gauge  to  show  the  workman  the  distance  they  had  run  through  ; 
in  fact  he  could  tell  when  they  were  through  by  the  machine  running 
more  easily,  and  also  by  the  sound,  independently  of  the  gauge ;  and 
then  he  reversed  the  lever.  For  the  quick  return  of  the  drill,  there 
was  a  frictional  arrangement  for  holding  the  nut  fixed  from  revolving 
while  the  direction  of  the  rotation  of  the  drill  was  reversed.  The 
distance  run  back  depended  simply  upon  how  long  the  drill  was  left 
running  reversed  ;  if  it  was  left  too  long,  it  would  of  course  run  too 
far  back  and  jam  ;  but  there  wore  really  several  inches  to  spare.  As 
a  matter  of  fact  the  drills  ought  to  be  stopjied  at  the  line  marked  on 
an  adjustable  gauge  for  that  purpose. 

Though  he  had  not  yet  made  any  special  machine  for  drilling  the 
tube-plates  of  tubulous  boilers,  he  had  made  a  number  of  drilling 
machines  which  almost  covered  that  work ;  the  nearest  he  thought 
was  the  machine  for  drilling  locomotive  tube-plates. 

The  President  had  great  pleasure  in  asking  the  members  to  pass 
a  vote  of  thanks  to  Mr.  Dixon  for  his  paper.  It  was  doubtless  in  the 
memory  of  many  present  that  drawings  for  boilers  used  to  go  out  of 
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the  office  with  practically  no  dimensions  marked  upon  them,  except 
the  length  and  the  diameter.  No  doubt  there  were  some  works 
thirty  years  ago  that  were  much  better ;  but  there  were  many  in 
which  matters  went  on  in  this  fashion.  The  foreman  boiler-maker 
really  decided  the  size  of  the  rivets,  which  nobody  knew  anything 
about  until  they  asked  him  ;  he  also  decided  the  pitch  of  the  rivets, 
and  indeed  generally  everything  except  the  diameter  and  the  length 
of  the  boiler ;  and  he  also  made  a  wooden  model  of  the  uptake  on 
a  scale  of  an  inch  to  a  foot,  on  which  tracing  paper  was  used  to 
measure  off  the  plates  to  be  ordered.  It  was  a  great  stride  from 
boilers  made  in  that  fashion  to  boilers  made  with  such  machines  as 
the  author's  firm  and  others  were  now  supplying.  Modern  boilers 
were  made  as  steam  engines  were  made,  as  if  they  were  pieces  of 
machinery,  instead  of  mere  pieces  of  iron  more  or  less  inaccurately 
riveted  together.  The  manufacture  of  boilers  had  certainly  gone 
forward  as  fast  as  the  manufacture  of  engines ;  and  it  would  have 
been  impossible  for  the  engines  of  the  present  day,  if  made  at  all,  to 
te  used  when  made,  had  it  not  been  that  the  boiler-makers  had 
supplied  boilers  of  the  kind  which  they  were  now  making,  and 
which  were  as  substantial  and  as  mechanical  in  construction  as  any 
•other  kinds  of  machinery. 


Oct.  1894,  535 


THIED   EEPOET   OF  THE  EESEAECH  COMMITTEE 
ON  THE  VALUE  OF   THE  STEAM-JACKET. 


Mr.   HENKY    DAVEY,  Chairman. 


Since  presenting  their  Second  Eeport  in  1892  (Proceedings 
page  418)  the  Committee  have  carried  out  several  experiments  with 
different  engines,  and  under  varying  conditions  of  working,  with  a 
view  of  obtaining  further  data  for  this  research.  The  results 
obtained  in  these  experiments  are  recorded  in  this  Third  Eeport, 
together  with  some  results  gleaned  from  other  sources. 

Up  to  the  present  time  the  endeavours  of  the  Committee  have 
been  directed  chiefly  to  obtaining  reliable  results  by  carefully 
conducted  experiments  with  steam  engines  under  ordinary  conditions 
of  working ;  and  in  order  to  avoid  drawing  conclusions  from  too 
limited  a  series  of  observations,  it  has  been  necessary  to  extend  the 
practical  experimental  work  over  a  considerable  period.  It  has  only 
been  through  the  kind  assistance  of  those  who  have  been  able  to 
place  steam  engines  at  the  service  of  the  Committee,  and  to  whom 
their  indebtedness  is  gladly  acknowledged,  that  the  experiments  have 
been  possible.  A  great  deal  of  work  has  been  done,  and  many 
valuable  data  obtained,  which  will  be  made  use  of  at  a  future  time. 

Before  concluding  their  research,  the  Committee  have  determined 
to  undertake  a  series  of  laboratory  experiments,  with  a  specially 
constructed  apparatus,  for  the  purpose  of  endeavouring  to  ascertain, 
approximately  at  least,  the  laws  which  govern  steam-cylinder 
condensation  ;  and  it  is  hoped  that  the  results  of  such  experiments, 
together  with  the  practical  information  already  obtained,  may 
enable  the  present  research  to  be  brought  to  a  useful  issue. 
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EECOEDS  OF  FIVE  EXPERIMENTS  (Nos.  57-61) 
OX  THE  VALUE  OF  THE  STEAM-JACKET. 


No.  67. — Experiment  on  a  Triple-Expansion  Engine 

AT    THE   WaPPING   PiBIPING    StATION 

OF  the  London  Hydraulic  Power  Company, 
BY  Mr.  Bryan  Donkin. 

Engine. — The  engine  on  wliicli  the  experiment  was  made, 
Fig.  1,  Plate  136,  is  one  of  six  working  at  the  Wapping  pumping 
station  of  the  London  Hydraulic  Power  Co.  for  supplying  water  for 
power  purposes  at  a  pressure  of  about  750  lbs.  per  square  inch. 
These  engines  were  fully  described  and  illustrated  in  "  The 
Engineer,"  vol.  75,  January  1893,  page  48.  As  other  tests  were 
being  conducted  at  this  station,  the  Engineers,  Messrs.  Ellington 
and  Woodall,  kindly  gave  jiermission  for  a  series  of  steam-jacket 
experiments  to  be  carried  out  by  Mr.  Bryan  Donkin,  on  behalf  of 
the  Steam-Jacket  Piesearch  Committee  of  this  Institution.  The  six 
engines  at  this  station  are  all  of  the  same  type  and  dimensions,  but 
the  trials  here  recorded  were  all  made  upon  the  same  engine  and 
while  doing  its  usual  work. 

The  engine  is  triple-expansion  surface-condensing  of  the 
ordinary  inverted  double-acting  marine  type,  made  by  the  Hydi-aulic 
Engineering  Co.,  Chester.  The  diameters  of  the  cylinders  are 
15  inches,  22  inches,  and  36  inches  respectively,  by  gauges,  and  the 
stroke  of  each  24  inches.  There  are  three  plunger  water-pumps, 
each  5  inches  in  diameter,  connected  direct  to  the  piston-rods,  and 
having  the  same  stroke.    Each  of  the  three  cylinders  has  an  ordinary 
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flat  slide-valve  actuated  by  a  separate  eccentric  on  the  crank-shaft. 
The  high-pressure  slide-valve  is  provided  with  a  variable-expansion 
valve  adjustable  by  hand,  and  the  low-pressure  valve  is  a  double- 
ported  one.  The  engine  is  fitted  with  a  Porter  governor,  which 
was  disconnected  during  the  trials.  The  air-pump  is  11  inches 
diameter  and  16  inches  stroke ;  and  the  total  cooling  surface  of  the 
condenser  is  530  square  feet. 

Only  the  bodies  of  the  three  cylinders  are  provided  with  jackets, 
the  cylinders  forming  liners  in  the  jackets.  The  top  and  bottom 
ends  of  the  cylinders  are  not  jacketed.  Steam  was  supplied  to  each 
of  the  three  jackets  by  means  of  a  sejiarate  pipe  from  the  main 
steam-pipe ;  and  the  pressure  in  any  of  the  jackets  was  kept  nearly 
up  to  that  in  the  boilers,  or  reduced  to  any  extent  by  means  of 
steam  cocks  on  the  main  pipe.  A  tested  Bourdon  gauge  was  placed 
on  each  of  the  three  jackets  to  indicate  the  steam  pressure.  The 
condensed  steam  was  drained  from  each  jacket  by  a  steam-trap.  A 
small  air-cock  was  placed  on  each  jacket  to  let  out  any  ail*  that 
might  accumulate,  but  little  or  none  was  found  to  collect  during  any 
of  the  trials.  The  bodies  of  the  cylinders  are  covered  with  non- 
conducting composition  and  sheet  steel. 

The  following  table  shows  the  extent  of  the  jacketed  and 
unjacketed  portions  of  the  inner  surfaces  of  the  three  cylinders  and 
the  two  receivers.  The  surfaces  of  the  cylinders  have  been  calculated 
as  nearly  as  jiossible  at  the  point  of  release  in  each — 90  per  cent,  of 
the  stroke  in  the  high-pressure  and  intermediate  cylinders,  and 
95  per  cent,  in  the  low-pressure  cylinder ;  and  the  surfaces  of  the 
passages  are  also  included.  A  portion  of  the  first  receiver  is  heated 
by  the  jacket  of  the  high-pressure  cylinder,  and  portions  of  the 
second  receiver  by  the  jackets  of  the  intermediate  and  low-pressure 
cylinders.  From  this  table  it  will  be  seen  that  only  about  one-third 
of  the  internal  surfaces  exposed  to  steam  at  the  jioints  of  release 
in  all  of  the  cylinders  is  jacketed.  Only  about  one-seventh  of  the 
whole  receiver  surface  is  jacketed. 
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Cylinders 
and 

Area  of  inner  surface 
exposed  to  steam  at  Kelease. 

Eeceivers. 

Jacketed. 

Unjacketed. 

1 

Total. 

i 

ffigh-pressure  cylinder  {  ^l'/^^^^ 

6-2 
36-3 

10-9 
G3-7 

171 

100-0 

Intermediate  cylinder    |  p^'j.  ^gnt. 

9-1 
35-8 

16-3 

64-2 

25-4 
1       100-0 

Low-pressure  cylinder  |  ^'^  ^^^^^ 

15-9 
33-6 

31-4 
6G-4 

47-.S 
100-0 

1 

First        (  by  higli-p.  (  sq.  feet 
receiver      \     jacket      \  per  cent. 

2-9 
13-2 

191 
86-8 

22-0 
100-0 

by  inter.    (  sq.  feet 
jacket      \  per  cent. 

4-2 
6-3 

•• 

:: 

Second 
receiver 

by  low-p.    (  sq.  feet 
jacket      \  per  cent. 

5-8 
8-6 

•• 

, , 

I       '°'«1      {^r'Snt. 

10-0 
14-9 

57-0 
85-1 

67-0 
100-0 

The  clearance  volumes  of  the  cylinders  are,  high -pressure  12  •  3 
per  cent.,  intermediate  8*0  per  cent.,  and  low-pressure  6*3  per  cent, 
of  the  volumes  swept  through  by  their  respective  pistons.  The 
clearance  surfaces  are,  high-pressure  cylinder  11  "6  square  feet, 
intermediate  16*4  square  feet,  and  low-pressure  31*5  square  feet. 

Each  end  of  each  cylinder  was  provided  with  a  separate  indicator 
attached  by  a  short  straight  pipe.  The  indicator  springs  were  all 
carefully  tested,  and  their  corrections  allowed  for  in  the  various 
calculations. 


Details  of  Experiment. — The  experiment  consisted  of  eleven 
separate  trials :  three  with  full  pressure  of  steam  in  all  the  jackets, 
and  lasting  about  nine  hours  each  ;  one  without  steam  in  any  of  the 
jackets,  and  lasting  three  hours ;  and  seven  with  different  combinations 
of  jackets,  each  lasting  about  two  hours,  the  pressures  in  the 
intermediate  and  low-pressure  jackets  being  reduced  by  means  of 
valves.  Care  was  always  taken  to  run  the  engine  for  some  time 
under  experimental  conditions,  so  that  the  walls  might  acquire  their 
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normal  temperature  before  the  trial  was  started.  The  three  nine- 
hour  trials  were  each  divided  into  three  sections  of  about  three 
hours  each,  as  a  check ;  and  in  each  case  the  three  sections  were 
found  to  give  j)ractically  the  same  results. 

The  following  table  shows  the  arrangement  of  jacketing  and  the 
jacket-pressures  in  each  of  the  eleven  trials. 


Trial 
Letter. 

Number 

of  Jackets 

in  use. 

Steam-pressures, 
lbs.  per  square  inch  above  atmosphei-e. 

Near 
high-press, 
valve- 
chest. 

In  Jackets. 

High-press. 
Jacket. 

Inter.       1   Low-press. 
Jacket.      1      Jacket. 

a 
b 
e 

Three 

lbs. 

146 
145 

120 

lbs. 

142 
141 
116 

lbs. 

142 
141 
116 

lbs. 

142 
141 
116 

d 

None 

121 

•• 

e 

f 

g 
h 

i 

J 

k 

Three 
Two 

)> 
One 

123 

121 
119 
114 

120 
112 
119 

119 

118 
116 

118 

75 
75 
73 

73 

11 

'9 
11 

'9 

Feed  and  Circulating  Water. — The  feed-water  was  carefully 
measured  in  accurately  gauged  tanks  as  it  came  from  the  surface- 
condenser,  and  before  it  was  pumped  into  the  boiler  by  the  feed- 
pumps. The  surface-condenser  was  tested  for  tightness  before  the 
trials,  and  found  in  perfect  order. 

The  cii'culating  water  was  measured  in  large  tanks  on  the  roof, 
and  its  rise  in  temperature  was  noted  every  five  minutes. 

The  total  quantity  of  supply-water  pumped  into  the  mains  was 
also  measured  in  tanks,  and  its  pressure  noted  from  time  to  time,  so 
that  the  pump  horse-i)owcr  could  be  calculated  and  compared  with 
the  indicated  horsc-powcr,  to  ascertain  the  niechauical  efficiency  of 
engines  and  pumps  combined.     The  consumption  of  feed-water  per 
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indicated  liorse-power  per  hour  in  the  various  trials  has  been  taken 
as  the  standard  of  comparison  between  the  values  of  the  different 
arrangements  of  jacketing  ;  and  the  coal  consumption  has  accordingly 
not  been  added  to  the  rejiort  in  detail. 

Jaclet  and  Drain-Water. — The  discharge  from  each  jacket  and 
the  condensed  water  from  the  steam-pipe  were  collected  in  separate 
tanks  and  weighed.  As  the  water  fi'om  the  steam-pipe  drain  never 
actually  reached  the  engine,  it  is  not  included  in  the  feed-water 
consumption. 

Bacliatlon. — An  engine  radiation  trial  was  made,  to  ascertain 
the  quantity  of  steam  condensed  per  hour  in  each  of  the  three  jackets 
when  the  engine  was  not  working.  These  quantities  were  found 
to  be  as  follows  : — 


Pressure 

Weight  of 

Pressure 

Weight  of 

Jacket. 

in  Jacket, 

Steam 

in  Jacket, 

Steam 

lbs.  per  sq.  in. 

condensed 

lbs.  per  sq.  in. 

condensed 

above  atm. 

per  hour. 

above  atm. 

per  hour. 

lbs.  per  sq.  in. 

lbs. 

lbs.  per  sq.  in. 

lbs. 

High-pressure    . 

122 

26-3 

122 

19-2 

Intermediate 

75 

24-8 

122 

19-6 

Low-pressure 

10 

28-5 

122 

47-7 

Total  from  all    . 

1  graduated  1 
\  pressures  J 

79-6 

(^  pressures  j 

86-5 

These  quantities  represent  the  jacket-water  per  hour  due  to  heat 
uselessly  radiated  outwards  from  the  various  jackets ;  and  the 
difference  between  these  and  the  quantities  condensed  per  hour  in  the 
jackets  during  the  different  trials  will  approximately  represent  the 
heat  passing  through  the  cylinder  walls  to  the  working  steam. 
These  quantities  are  given  in  detail  in  Table  57,  pages  54.8-9. 


Pressures  dc. — At  frequent  intervals  throughout  all  the  trials 
readings  were  taken  of  the  j)ressure  gauges  on  the  boiler  and  on 
the  three  steam-jackets,  and  of  the  vacuum  gauge  and  the  engine 
counter.      Indicator    diagrams   were   taken,    as   nearly   as    possible 


Oct.   1804,  VALUE    OF    STEAM-JACKET.  541 

Wapping. 

simultaneously  from  each  end  of  each  cylinder,  every  quarter  of  an 
hour  throughout  each  trial.  The  sets  of  indicator  diagrams  nearest 
to  the  mean  for  the  two  trials  c  and  d  are  shown  in  Plate  138  ;  and 
the  same  sets  of  diagrams,  expanded  lengthwise  in  the  ratio  of  their 
piston  volumes,  and  combined,  are  shown  in  Plate  139.  The  maximum 
indicated  horse-j)ower  for  any  one  trial  was  213  "5  in  trial  e,  and  the 
minimum  was  167*2  in  trial  j.  The  engine  with  its  circulating,  air, 
and  feed  pumps  was  also  indicated  when  running  without  load,  and 
gave  26  •  3  indicated  horse-power  at  a  speed  of  60  revolutions  per 
minute.  The  speed  of  the  engine  was  kept  as  steady  as  possible 
throughout  the  experiment ;  but  as  it  was  necessary  to  keep  up  the 
pressure  in  the  mains,  the  same  si)eed  could  not  be  maintained  during 
all  the  trials.  The  maximum  was  64 '17,  and  the  minimum  52  "74 
revolutions  per  minute. 

Priming. — Samples  of  the  steam  on  its  way  to  the  valve-chest,  of 
the  condensed  steam  from  the  jackets,  and  of  the  boiler  water,  were 
taken  during  the  experiment;  and  these  were  kindly  analysed  by 
Mr.  Charles  J.  Wilson,  F.I.C,,  who  found  that  all  the  condensed  steam- 
samples  showed  about  0*15  j)er  cent,  of  priming.  The  method  of 
testing  was  fully  described  iu  Proceedings  1892,  pages  148-150. 
No  correction  has  been  made  for  this  small  amount  of  priming. 

Dryness  Fraction. — The  dryness  fraction  of  the  steam  in  the 
cylinders — that  is,  the  ratio  of  the  steam  present  in  the  cylinders  (as 
shown  by  the  indicator  diagrams)  to  the  total  steam  used  in  the 
cylinders — has  been  calculated  for  each  of  the  tliree  cylinders  at 
j)oints  just  before  release.  The  high  and  intermediate  cylinder 
diagrams  were  measured  at  90  per  cent,  of  the  stroke,  and  the  low 
at  95  per  cent. ;  and  the  results  of  the  calculations  are  given 
in  Table  57,  pages  548-9,  and  are  also  shown  graj^hically  iu 
Plate  147. 

It  will  be  seen  that,  with  all  the  jackets  in  use  at  the  highest 
steam-pressure,  namely  142  lbs.  per  square  inch  above  atmosphere  iu 
trial  a,  the  dryness  fraction  is  greater  in  the  intermediate  cylinder  than 
in  the  high,  and  also  greater  in  the  low  than  in  the  intermediate, 
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showing  that  the  steam  hecame  gradually  drier  as  it  j)assed  through 
the  three  cylinders.  The  dryness  fractions  in  the  three  cylinders  in 
this  trial  were  87*6  per  cent,  in  the  high,  88  "3  per  cent,  in  the 
intermediate,  and  94  *  9  per  cent,  in  the  low :  so  that  the  exhaust 
steam  from  the  low-pressure  cylinder  was  discharged  into  the 
condenser  very  nearly  dry.  When  no  steam  was  admitted  into  any 
of  the  jackets,  trial  d,  exactly  the  reverse  took  place.  The  dryness 
fraction  decreased  from  87*4  per  cent,  in  the  high,  to  75*7  per  cent, 
in  the  intermediate,  and  64  •  5  per  cent,  in  the  low-pressure  cylinder. 

Besults  and  Comparisons. — In  the  following  Table  the  eleven 
trials  are  arranged  in  their  order  of  merit,  according  to  the 
consumption  of  feed-water  per  indicated  horse-power  per  hour ;  and 
the  steam-pressures  in  the  steam-pipe  and  jackets  are  added. 


Steam-pressures, 

lbs.  per  square  inch  above  atmosphere. 

Steam 

Trial 

Letter. 

used 
per          1 
I.H.P. 

•XT                                  i 

Near 

In  Jackets. 

high-press, 
valve- 
chest. 

per  hour. 

High-press.          Inter.           Low-press. 
Jacket.             Jacket.             Jacket. 

lbs. 

lbs. 

lbs.                  lbs. 

lbs. 

a 

146 

142 

142                   142 

14 

10 

b 

145 

141 

141 

141 

14 

59 

e 

120 

116 

116 

116 

15 

14 

e 

123 

119 

75 

11 

15 

37 

g 

119 

116 

9 

15 

95 

k 

119 

'.'.                         9 

16 

05 

h 

114 

73 

11 

16 

19 

f 

121          1 

118 

75 

16 

65 

j 

112 

73 

., 

16 

79 

i 

120 

118 

^, 

, , 

16 

96 

d 

121 

•• 

•• 

•• 

17-17 

In  comparing  these  trials  it  should  be  remembered  that  the  speeds 
could  not  be  kept  quite  the  same  in  all  cases,  and  that  the  variations 
of  speed  have  some  eifect  upon  the  results. 

The  best  results  were  obtained  in  the  first  three  trials,  a,  b,  and  c, 
with  boiler  steam  in  all  the  jackets ;  and  in  these  three,  the  higher 
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the  steam-pressure,  the  less  was  tlie  consumption.  In  trial  c,  in 
which  the  jacket-pressures  were  116  lbs.,  the  saving  by  jackets  was 
11*8  per  cent,  over  trial  d  without  jackets  in  use,  both  with  about 
the  same  boiler  pressure,  taking  feed-water  per  indicated  horse-power 
per  hour  as  the  standard  of  comparison. 

In  the  last  seven  trials,  e  to  k,  with  different  numbers  of  jackets 
in  use  and  different  steam-pressures  in  the  various  jackets,  the 
pressures  in  the  intermediate  and  low  jackets  were  so  arranged  that 
the  temperature  in  each  jacket  was  a.bout  25°  to  30°  Fahr,  above  the 
temperature  of  the  initial  steam  in  the  corresponding  cylinder. 
The  best  result  was  obtained  in  trial  e  with  steam  in  all  the  jackets, 
the  saving  being  10*5  per  cent,  as  compared  with  d.  The  best 
single-jacket  result  was  obtained  in  k  with  the  low  jacket  alone, 
the  saving  being  6  •  5  per  cent,  as  compared  with  d.  The  intermediate 
jacket  alone  in  j  gave  a  saving  of  2  •  2  per  cent. ;  and  the  high 
jacket  alone  in  i,  a  saving  of  1*2  per  cent.  The  best  pair  of 
jackets  were  the  high  and  low  together  in  g,  in  which  the  saving  was 
7  •  1  per  cent. ;  and  so  long  as  the  low-pressure  jacket  was  one  of  the 
pair,  it  made  little  difference  in  the  results  whether  the  high  or 
intermediate  jacket  was  working  with  it.  With  the  intermediate  and 
low  jackets  together  in  h,  the  saving  was  5  •  7  per  cent. ;  and  with  the 
high  and  intermediate  jackets  together  in  f,  it  was  3  •  0  per  cent.  The 
low  jacket  alone  in  k  had  about  double  the  effect  of  the  other  two 
working  together  in  f.  The  sum  of  economies  due  to  the  high  jacket 
alone  in  i,  the  intermediate  jacket  alone  in  j,  and  the  low  jacket  alone 
in  k,  agrees  within  two-thirds  per  cent,  with  the  economy  due  to  the 
three  jackets  working  together  in  e.  In  Plate  14!)  are  shown 
graphically  the  quantities  of  total  feed-water  including  jacket- water, 
and  of  jacket-water  alone,  per  indicated  horse-power  per  hoiir,  for 
each  of  the  eleven  trials. 

The  ratio  of  jacket-water  to  feed-water  with  all  three  jackets 
on  at  full  pressure,  trials  a,  b,  and  c,  varied  from  12-06  to  10-11  per 
cent. ;  the  former,  which  was  obtained  in  b,  was  the  maximum  for 
the  experiment.  The  minimum  was  when  only  the  high  jacket  was 
in  use  in  i,  in  which  the  ratio  of  jacket-water  to  feed-water  was  as  low 
as  1  •  65  per  cent. 
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Mange  of  Temperature. — In  Table  57,  pages  550-1,  Tvill  be 
foiincl  the  maximum  and  minimum  temperatures  of  steam,  and  the 
range  of  temperature  in  each  cylinder  for  the  difierent  trials.  These 
temperatures  are  those  corresponding  with  the  pressures  shown  by 
the  indicator  diagrams.  They  have  been  taken  from  one-third  of  the 
total  number  of  diagrams,  the  errors  of  springs  being  allowed  for. 


Heat  passing  tarougli  Cylinders. — Line  47  of  Table  57,  pages  550-1, 
gives  the  quantities  of  heat  passing  through  the  cylinders  per 
stroke,  and  line  48  gives  the  quantities  through  the  jackets.  The 
former  is  obtained  by  multiplying  the  weight  of  condensed  steam 
from  the  surface-condenser  by  the  total  heat  in  the  boiler  steam 
above  the  temperature  of  the  air-pump  discharge.  Similarly  the 
heat  supplied  to  the  jackets  in  line  48  is  the  product  of  the  weight 
of  steam  condensed  in  each  jacket  multiplied  by  the  same  factor, 
namely  the  total  heat  in  the  steam  above  the  temperature  of  the 
air-pump  discharge.  In  calculating  the  heat  equivalent  to  the 
indicated  horse-power,  line  50,  the  mechanical  equivalent  of  heat  has 
been  taken  as  772  foot-lbs.  jjer  thermal  unit. 

Thermal  Efficiencies. — Taking  the  thermal  efficiencies  given  in 
line  51,  Table  57,  as  a  standard  of  comparison  in  the  different  trials, 
instead  of  the  weight  of  water  per  indicated  horse-power  per  hour,  the 
percentages  arrived  at  are  higher  in  favour  of  the  jackets,  as  will  be 
seen  from  the  following  comparison  between  trial  c  with  steam  at 
116  lbs.  per  square  inch  in  the  jackets,  and  trial  d  without  steam  in 
any  of  the  jackets. 


Description  of  Trials. 

Stcamused               ThexmoX 
perIH.P.              Efficiency, 
l^er  hour.         1                       •' 

Trial  c  with  116  lbs.  steam  in  jackets    . 
„    d  without               „      „        „ 

Percentage  gain  with  jackets 

Lbs. 

15-14 
17-17 

11-8  p.c. 

Per  cent. 

14-64 
12-93 

13-2  p.c. 

All  the  thermal  efficiencies  being  given  in  line  51,  Table  57,  various 
comparisons  can  be  made  for  the  difierent  changes  in  the  jackets. 
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Three  longer  Trials. — For  the  three  longer  trials,  a,  b,  and  c,  a 
heat  balance-sheet  has  been  made  ;  and  the  following  figures  of  one 
trial  show  the  percentages  of  the  total  heat  received  from  the  boilers, 
and  how  these  were  accounted  for  in  the  engine,  &c. 


Heat  expended  in  power  . 

.     14-7  i^er  cent. 

„     in  circulating  water 

7G-2    „     „ 

„     in  air-pump  discharge  water 

2-2    „     „ 

„     in  jacket-water 

1-5    „     „ 

Steam-pipe  radiation 

3-2    „     „ 

Engine  radiation     .         .         .         . 

2-4    „     „ 

Deduct  over-balance 

.    -0-2     „     „ 

Total     , 

100-0  per  cent. 

It  may  be  of  interest  to  add,  in  regard  to  these  three  longer  trials 
in  which  the  coal  was  weighed,  that  Welsh  coal  was  used,  and  the 
result  was  an  evaporation  from  and  at  212°  Fahr.  of  12*75  lbs.  of 
water  per  lb.  of  coal.  The  thermal  efficiency  of  the  boiler  was  82  per 
cent.,  the  pressure  of  steam  being  140  lbs. 

31echanical  Efficiency  of  Pumps. — The  mechanical  efficiency  of 
the  pumps  works  out  to  97 '3  per  cent.  It  may  be  added  that  the 
water  flowed  into  the  pumps  under  a  head  of  some  30  feet.  It  was 
possible  to  ascertain  this  percentage,  because  all  the  water  was 
measured  in  a  large  tank  before  being  pumped  into  the  mains.  This 
is  the  ratio  of  the  actual  volume  of  water  pumped,  to  the  calculated 
volume  of  the  pumps. 

Mechanical  Efficiency  of  Engine. — This  efficiency,  or  ratio _of  the 
horse-power  of  water  pumped  to  the  actual  indicated  horse-power, 
was  calculated  as  83  per  cent,  for  trial  c  with  11 G  lbs.  steam  in  all 
jackets,  thus  : — 

Pumj)  horse-power         .         .         .     149"0H.P. 
Engine  alone         ....       26-3  H.P. 


Total  for  pump  and  engine     .         .     175-3  H.P. 
Total  indicated  borsc-power  .  .     179-8  H.P. 


Difference   for  increased    friction^ 
with  loail  on    .         .         .         ./ 


4-5  H.P. 
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TABLE  57  (continued  to  page  651). 

Experiment  on  a  Triple-Expansion  Vertical  Surface-Condensing  Engine, 

with  all  Jackets  in  use,  or  none  ; 


Three  Trials 

Description  of  Trials. 

with  boiler  Steam 

in  ALL 

the  Jackets. 

1 

Trial  Letter 

a 

b 

c 

Jackets  in  use          .         .         .         .          < 

high 

high 

high 

2 

inter. 

inter. 

inter. 

3 

1 

low 

low 

low 

Date  of  Trial  .         .         .          March  1892 

ISth 

11th 

7th 

4 

Duration  of  Trial     .          .          .           hours 

9-0 

8-0 

9-0 

5 

Number  of  exjjansions      .... 

13-4 

14-8 

12-0 

Steam-Fressures 

Lbs.  ] 

)er  square 

inch 

6 

Near  high-pressure  valve-chest,  above  atin. 

146 

145 

120 

7 

In          „         „           steam-jacket      „         „ 

142 

141 

116 

8 

„  intermediate              ,,        ,,         ,,        ,, 

142 

141 

116 

9 

,,  low-pressure              ,,        „         ,,        ,, 

142 

141 

116 

10 

In  condenser                                    absolute 

0-72 

0-82 

0-88 

11 

Barometric  pressure                               „ 

14-69 

14-45 

14-64 

12 

Mean  eifective  pressure,  high-p.  cylinder     . 

55-24 

52-60 

46-39 

13 

inter. 

25-98 

24-13 

23-61 

14 

,,           ,,            „         low-p.          „ 

8-57 

7-73 

7-78 

15 

Mean  efi'ective  pressure 

16 

total  reil  need  to  low-pressure  cylinder 

27-65 

25-67 

24-48 

Eevolutions  per  minute    .         .         .  revs. 

60-77 

58-82 

59-76 

17 

Piston  speed,  feet  per  minute    .         .     feet 

243 

235 

239 

18 

Indicated  horse-power,  high-p.  cyl.    I.H.P. 

70-5 

64-9 

58-2 

19 

inter.      „       I.H.P. 

72-1 

64-8 

64-5 

20 

low-p.     „       I.H.P. 

64-0 

55-9 

571 

21 

„                 „            total      .          I.H.P. 

206-6 

185-6 

179-8 
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{continued  from  ^preceding  page)  TABLE  57. 

at  the  Wapping  Pumping  Station  of  the  London  Hydraulic  Power  Co., 
also  wiiJi  any  one  Jaclcet,  or  any  two. 


Seven  Trials  with  Steam-pressures 

Trial 

graduated  to  the  different  Jackets. 

WTTHOUT 

Steam 

1 

1 

in  any 
Jacket. 

Steam 

in  ALL 

Jackets. 

Three  Trials  with  Steam 

Three  Trials  with  Steam 

in  TWO  Jackets  only. 

in  ONE  Jacket  only. 

d 

e 

f 

g              h 

i 

J 

k 

1 

high 

high 

high     ! 

high 

1 

none 

inter. 

inter. 

inter. 

inter. 

low  1 

2 

low 

low     '      low 

IGth 

21st 

16th 

17th          17th 

16th 

17th 

17th 

3 

30 

2-5 

2-0 

20           2-0 

2-0 

2-0 

2-0 

4 

8-8 

9-3 

8-8 

91           91 

9-0 

9-1 

9-2 

5 

Lbs. 

per          square 

inch 

121 

123 

121 

119           114 

120     1     112 

119 

6 

.. 

119 

lis 

116 

118 

7 

.. 

75 

'■' 

73 

.. 

73 

.. 

8 

.. 

11 

9 

11 

9 

9 

0-93 

0-82 

0-93 

0-81 

0-76 

0-90 

0-80 

0-78 

10 

14-55 

14-70 

14-56 

14-65 

14-64 

14-56 

14-63 

14-63 

11 

52-59 

48-96 

49-17 

50-12 

46-17 

52-43 

46-68 

49-39 

12 

30-12 

28-76 

33-31 

27-68       28-42 

29-43 

30-58 

28-38 

13 

6-21 

8-34 

6-34 

8-00  1      8-22 

i 

6-40 

5-93 

8-09 

14 

2G-37 

27-38 

( 

27-11 

26-84 

26-65 

26-28 

25-25 

27-06 

15 

52-74 

63-42 

54-34 
217 

61  15 

60-58 

54-33 

53-83 

64-17 

16 

211 

254 

245 

242 

217 

215 

257 

17 

58-2 

65-2 

56-1 

64-3 

58-7 

59-8 

52-7 

66 -5 

18 

72-5 

83-2 

82-6 

77-3 

78-6 

73-0 

75-2 

83-1 

19 

40-3 

65-1 

42-4 

60-2 

61-2 

42-8 

39-3 

63-8 

20 

1710 

213-5 

i  181-1 

201-8 

198-5 

175-6 

167-2 

213-4 

21 
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TABLE  57  (^continued  from  preceding  page). 

Experiment  on  a  Triple-Expansion  Vertical  Surface-Condensing  Engine, 

icitli  all  Jackets  in  use,  or  none  ; 


Three  Trials 

Description  of  Trials. 

with  boiler  Steam 

in  ALL 

i 

the  Jackets. 

Trial  Letter 

a 

b 

e 

( 

high 

high 

high 

Jackets  in  use < 

inter. 

inter. 

inter. 

1 

low 

low 

low 

Dryness  Fraction  of  steam  just  before  release 

22 

In  high-pressure  cylinder           .     per  cent. 

87-6 

85-5 

85-5 

23 

,,  intermediate         „                  .     per  cent. 

88-3 

86-9 

86-4 

24 

„  low-pressure         „                 .     per  cent. 

94-9 

97-8 

95-8 

JacJcet-Water,  lis.  per  Tiour 

lbs. 

lbs. 

lbs. 

25 

From  high-pressure  jacket 

39-2 

76-0 

43-5 

26 

„      intermediate       „              ... 

91-2 

91-5 

84-0 

27 

,,     low-pressure      „              ... 

166-7 

160-0 

147-9 

28 

Total  from  all  jackets       .... 

297-1 

327-5 

275-4 

29 

Due  to  outward  radiation  (by  experiment) 

— 

— 

86-5 

30 

Due  to  heat  given  to  cylinder  steam 

(by  diiference)      ..... 

— 

188-9 

31 

Jacket-Water,  total 

per  indicated  horse-power  per  hour    lbs. 

1-44 

1-76 

1-53 

32 

Jacket- Water,  total  in  percentage 

of  total  feed-water         .         .      per  cent. 

10-21 

12-06 

10-11 

33 

Feed-Water,  total 

per  indicated  horse-power  per  hour     lbs. 

14-10 

14-59 

15-14 

34 

Feed-Water  saved  per  lb.  of  jacket-water 
compared  with  trial  d  .          .          .     lbs. 

1-33 

35 

Feed-Water,  percentage  less 

compared  with  trial  d  .         .      per  cent. 

11-8  p.c. 
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{continued  from  preceding  page)  TABLE  57. 

at  the  Wapping  Pumping  Station  of  the  London  Hydraulic  Power  Co., 
also  loith  any  one  JacJcet,  or  any  tivo. 


Trial 

Seven  Trials  with  Steam-pressures 
graduated  to  the  different  Jackets. 

WITHOUT 

Steam 

1 

m  any 
Jacket. 

Steam 
in  ALL 
Jackets. 

Three  Trials  with  Steam 
in  TWO  Jackets  only. 

Three  Trials  with  Steam 
in  ONE  Jacket  only. 

d 

e 

f 

S 

h 

i 

J 

k 

none 

high 
inter, 
low 

high 
inter. 

high 
low 

inter, 
low 

high 

inter. 

low 

87-4 
75-7 
6i-5 

89-3 
85-0 
85-7 

89-8 
84-8 
71-1 

89-6 
80-9 
81-0 

88-6 
83-1 
82-5 

89-3 
76-6 
67-7 

88-2 
82-5 
67-9 

88-6 
79-6 
79-5 

22  1 

23 

24 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

52-4 

49-5 

49-2 

490 

25 

85-6 

73-5 

73-5 

86-5 

26 

85-6 

102-3 

98-5 

109-0 

27 

223-6 

123-0 

151-5       172  0 

49-0 

86-5 

109-0 

28 

.. 

79-6 

51-1 

54-8 

53-3 

26-3 

24-8 

28-5 

29 

•• 

144-0 

71-9 

96-7 

118-7 

22-7 

61-7 

80-5 

30 

1-05 

0-68 

0-75 

0-87 

0-28 

0-52 

0-51 

31 

6-83 

4-08 

4-70 

5-37 

1-65 

3-10 

3-18 

32 

17-17 

15-37 

16-65 

15-95 

16-19  ' 

16-96 

16-79 

16-05 

33 

.. 

1-71 

0-76 

1-63         113 

0-75 

0-73 

2-20 

34 

(Trial  d) 

10-5p.c. 

3-0  p.c. 

7-1  p.c.    5-7  p.c.  1 

1 

l-2p.c. 

2-2  p.c. 

6-6  p.c. 

35 

3   A 
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TABLE  57  (continued  from  preceding  page). 

Experiment  on  a  Triple-Expansion  Vertical  Surface-Condensing  Engine, 

icith  all  Jackets  in  use,  or  none  ; 


Description  of  Trials. 

Three  Trials 

with  boiler  Steam 

in  ALL 

the  Jackets. 

Trial  Letter 

Jackets  in  use          .         .         .        .         .1 

a 

high 
inter, 
low 

b 

high 

inter. 

low 

c 

high 

inter. 

low 

36 
37 
38 

Maximum  Temperature  in  high-p.  cyl.  Fahr. 
Minimum             „           „      „         „    Fahr. 
Range  of             „           „      „         „     Fahr. 

359-2° 

277-2° 
82-0° 

359-0° 

272-6° 

86-4° 

345-3° 

272-3° 

73-0° 

39 
40 

1  41 

Maximum  Temperature  in  inter,  cyl.  Fahr. 
Minimum             „            „      „        „     Fahr. 
Eange  of              „            „      „        „     Fahr. 

288-3° 

203-4° 

84-9° 

281-3° 
197-1° 

84-2° 

282-3° 

200-3° 

82-0° 

42 

43 
44 

Maximum  Temperature  in  low-p.  cyl.  Fahr. 
Minimum             „            „      „        „    Fahr. 
Range  of              „            „      „        „    Fahr. 

209-6° 
125-9° 

83-7° 

204-3° 

129-6° 

74.70 

205-9° 
131-3° 

74-6° 

45 

46 

Temperature  of  condenser  vacuum       Fahr. 
„           of  air-pump  discharge     Fahx. 

91° 
62-5° 

96° 
63-7° 

98° 
63-9° 

47 
48 
49 
50 
51 

Seat  to  Engine  per  stroke 

To  Cylinders,  ahove  air-pump  discharge  temp 
„   Jackets            „            „           „             „ 
Total  to  engine    „           „           „             „ 
Equivalent  to  I.H.P.  given  out  . 
Thermal  Efficiency  (line  50-7-49)     per  cent. 

Th.U. 

416-7 
47-4 

464-1 
72-62 
15-65 

Th.U. 

391-7 
53-7 

445-4 
67-44 
15-14 

Th.U. 

394-8 
44-4 

439-2 
64-30 
14-64 
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{concluded  from  page  546_)  TABLE  57. 

at  the  Wapping  Pumping  Station  of  the  London  Hydraulic  Power  Co., 
also  loith  any  one  Jacket,  or  any  tioo. 


Seven  Trials  with  Steam-pressures 

Trial 

graduated  to  the  different  Jackets. 

WITHOUT 

Steam 

in  any 

Steam 

Three  Trials  with  Steam 

Three  Trials  with  Steam 

Jackets. 

in  TWO  Jackets 

only. 

in  ONE  Jacket  only. 

d 

e 

high 

f 

high 

g 

high 

h 

i 

high 

J 

k 

none 

inter, 
low 

inter. 

low 

inter, 
low 

inter. 

low  ] 

346-8° 

346-8° 

346-4° 

347-1° 

343-8° 

347-3° 

342-2° 

346-7° 

36 

282-0° 

281-9° 

286-1° 

281-5° 

283-0° 

281-8° 

281-8° 

282-3° 

37 

64-8° 

64-9° 

60-3° 

65-6° 

60-8° 

65-5° 

60-4° 

64-4° 

38 

292-4° 

293-4° 

296-3° 

292-5° 

293-5° 

292-4° 

291-3° 

296-8° 

39 

195-5° 

205-5° 

196-5° 

205-3° 

205-5° 

197-3° 

194-4° 

200-0° 

40 

96-9° 

87-9° 

99-8° 

87-2° 

88-0° 

95-1° 

90-9° 

90-8° 

41 

199-4° 

210-1° 

200-0° 

210-1° 

210-2° 

201-6° 

198-3° 

211-5° 

42 

141-1° 

132-1° 

140-9° 

135-7° 

132-0° 

140-9° 

138-3° 

138-8° 

43 

58-3° 

78-0° 

59-1° 

74.40 

78-2° 

60-7° 

60-0° 

72-7° 

44 

100° 

95° 

100° 

95° 

93° 

98° 

95° 

94° 

45 

66-0° 

66-1° 

68-2° 

69-4° 

69-0° 

67-5° 

68-6° 

70-0° 

46 

Th.U. 

Th.U. 

Th.U. 

Th.U. 

Th.U. 

Th.U. 

Th.U. 

Th.U. 

535-8 

464-2 

511-3 

481-0 

481-6 

518-0 

484-4 

495-6 

47 

0 

34-0 

21-8 

23-7 

27-3 

8-7 

15-5 

16-3 

48 

535-8 

498-2 

533-1 

504-7 

508-9 

526-7 

499-9 

511-9 

49 

69-27 

71-93 

71-22 

70-53 

70-04 

69-05 

66-37 

71-09 

50 

12-93 

14-44 

13-36 

13-98 

13-77 

13-11 

13- -28 

13-89 

51 
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■     No.  58. — ExPERiMEXT  OK  TWO  Tkiple-Expansion  Engines 

AT   the  Lea  Bridge  Pumping  Station 

OF  THE  East  London  Water  Works  ; 

BY  Mr.  Henry  Davey,  Mr.  Bryan  Donkin, 

AND  Professor  T.  Hudson  Beare. 

Object  of  the  Experiment. — To  ascertain  the  advantage  of  •  the 
steam-jackets ;  and  to  determine,  if  possible,  the  relative  value 
of  jacketing  any  one  or  more  of  the  cylinders.  Permission  to 
make  the  experiment  was  kindly  given  by  Mr.  William  B.  Bryan,  the 
Engineer  to  the  East  London  Water  Company,  who,  together  with  his 
assistant  Mr.  Blackburn,  and  the  rest  of  his  staff,  rendered  every 
assistance  for  carrying  it  out  successfully. 

Description  of  Engines. — The  engines  tested.  Fig.  2,  Plate  136,  were 
two  in  number,  duplicates  of  each  other.  They  are  of  the  inverted 
marine  type,  made  by  Messrs.  Yates  and  Thorn,  of  Blackburn,  from  the 
designs  of  Mr.  Bryan.  The  cylinders  are  20-03,  33-99,  and  57-05 
inches  diameter  respectively,  each  having  a  stroke  of  48  inches. 
The  piston  rods  are  each  5  inches  diameter,  and  the  pump  plungers, 
which  form  prolongations  of  the  piston  rods,  are  30  inches  diameter, 
each  plunger  having  a  displacement  of  122 '4  gallons  per  revolution. 
The  crank  shafts  are  placed  under  the  pumps  and  revolve  in  the 
sequence — high,  low,  intermediate.  All  the  cylinders  are  provided 
with  Corliss  valves  and  the  Corliss  cut-off;  the  latter  however  is 
not  under  the  control  of  a  governor,  but  is  regulated  by  hand  whilst 
the  engine  is  running.  Each  engine  is  provided  with  its  own 
sui-face-condenser  having  1,053  square  feet  of  cooling  surface ;  and 
the  steam  passing  through  the  engine  during  the  trials  was  measured 
by  the  air-pumj)  discharge.  The  water  from  the  jackets  of  each 
cylinder  was  measured  separately.  The  two  engines  experimented 
with  are  named  "  Xorth,"  and  "  Central,"  from  their  jiositions  in  the 
engine-house. 

Jacketing. — Each  cylinder  has  a  jacket  on  the  body,  and  one  on 
each  of  the  ends,  the  body  jacket  having  a  steam  space  of  one  inch. 
Drain-pipes  were  provided,  so  that  the  water  drained  from  the  jackets 
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Lea  Bridge. 

of  each  cylinder  could  be  measured    separately.     Tlie  i)ressure  in 

any  jacket  could  be  varied  by  means  of  reducing  valves. 

Clothing. — The  cylinders  and  steam  pipes  are  clothed  with  about 
2^  inches  of  ordinary  composition,  vnih  the  exception  of  the  bottom 
covers  which  are  not  clothed. 

Clearance  Volumes. — The  clearance  volumes  of  the  three  cylinders 
are  as  follows : — 


Cylinder. 

Clearance 
Volume. 

Percentage 
of  piston 
Volume. 

Equivalent 

length  of 

Stroke. 

High-pressure 
Intermediate     . 
Low-pressure    . 

Cubic  feet. 
0-2614 

0-6474 

2-044 

Per  cent. 
3-08 

2-60 

2-89 

Inches. 
1-48 

1-25 

1-39 

The  volumes  of  the  receivers  between  the  cylinders,  from  the 
exhaust  valve  of  the  one  cylinder  to  the  steam  valve  of  the  next,  are — 
first  receiver  10  •  28  cubic  feet,  and  second  receiver  31  •  05  cubic  feet. 

Clearance  Surfaces. — The  following  tables  give  the  areas  of  the 
clearance  surfaces,  both  jacketed  and  unjacketed  ;  and  also  the  jacketed 
and  unjacketed  areas  of  the  clearance  and  cylinder  surfaces  exposed 
to  steam  at  release.  The  areas  of  the  inner  surfaces  of  the  two 
receivers  from  valve  to  valve  are — first  receiver  84 '4  square  feet, 
second  receiver  158  •  9  square  feet,  both  wholly  unjacketed. 


Clearance  surface  only. 

Area  of  inner  surface 
exposed  to  steam  at  Admission. 

Piston  at  beginning  of  stroke. 

Jacketed. 

Unjacketed. 

Total. 

High-pressure  cylinder    |  ^^^  ^^^^ 
Intermediate  cylinder      |  p^j.  ^^^^ 
Low-pressure  cylinder     |  ^;.  ^^^^ 

3-9 
31-7 

11-2 
43-1 

26-0 
41-4 

8-4 
68-3 

14-8 
56-9 

37-6 
58-6 

12-3 
100-0 

260 
100  0 

64-2 
100-0 
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Clearance  and 
Cylinder  surfaces. 

Area  of  inner  surface 
exposed  to  steam  at  Eelease. 

Jacketed.      Unjacketed. 

1 

Total. 

High-pressure  cylinder     Tsq.  feet 
at  95  per  cent,  of  stroke  \per  cent. 

20-3                 13-5        ' 
60-1                 39-9 

33-8 
100-0 

Intermediate  cylinder       ("sq.  feet 
at  95  per  cent,  of  stroke  \per  cent. 

38-1                 22-1 
63-3                36-7 

60-2 
100-0 

Low-pressure  cylinder      fsq.  feet 
at  90  per  cent,  of  stroke  (_per  cent. 

67-8 
58-0 

49-0         1 
42-0 

116-8 
100-0 

From  these  tables  it  will  be  seen  that  in  all  the  cylinders  only 
about  two-fifths  of  the  total  internal  surface  exposed  to  steam  at 
admission  was  jacketed,  while  at  release  the  jacketed  internal  surface 
was  about  two-thirds  of  the  total. 


Description  of  Trials. — Thirteen  trials  were  made,  lettered  a  to  n 
in  Table  58  of  the  results,  pages  560-3.  The  first  eleven,  a  to  k, 
were  made  on  the  5th,  6th,  7th,  and  10th  April  1893  ;  the  other  two 
were  made  on  the  15th  and  17th  November  of  the  same  year.  All 
the  conditions,  with  the  exception  of  the  jacketing,  were  maintained 
as  far  as  possible  the  same  throughout  all  the  trials.  Neither  the 
coal  used  nor  the  feed-water  actually  pumped  into  the  boilers  was 
measured,  the  total  weight  of  air-pump  discharge  water  and  jacket- 
water  per  I.H.P.  per  hour  being  taken  as  the  standard  of 
comparison. 

Counters  and  Gauges. — The  engine  counters  and  gauges  were  read 
at  regular  intervals  of  fifteen  minutes  throughout  trials  a  to  k,  and 
of  twenty  minutes  in  m  and  n,  the  various  gauges  having  been 
previously  tested. 

Indicating. — An  indicator  was  attached  by  the  usual  short  pipe- 
connection  at  each  end  of  each  cylinder.  The  indicator  springs  were  all 
carefully  tested,  and  their  corrections  allowed  for.  Sets  of  diagrams 
were  taken  at  intervals  of  fifteen  and  twenty  minutes  midway  between 
the  counter  readings,  so  that  54  diagrams  in  all  were  obtained  in  each  of 
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the  first  eleven  trials,  and  72  in  each  of  the  last  two.  The  diagrams 
nearest  to  the  mean  for  trials  a,  e,  f,  and  j  are  given  in  Plates  140 
and  141. 


Measurement  of  Steam  used. — The  condensers  were  tested  under 
water  pressure  both  before  and  after  the  trials,  and  were  found  to  be 
absolutely  free  from  leakage  of  circulating  water.  The  air-pump 
discharge  was  measured  in  one  set  of  tanks,  and  the  discharge 
from  the  jackets  in  another ;  the  discharge  from  the  jacket  of  each 
cylinder  was  measured  separately,  except  in  trial  m  when  all  the 
jacket-water  was  taken  together  in  one  tank.  Details  of  the  air- 
pump  and  jacket  discharges  are  given  in  Table  58,  pages  562-3. 
The  following  table  shows  the  arrangement  of  jacketing,  and  the 
jacket  pressures  in  each  of  the  thirteen  trials  : — 


Trial 

Letter. 

Engine 

used 

for 

Trial. 

Number 

of 
Cylinders 
jacketed. 

Steam-pressures, 
lbs.  per  square  inch  above  atmosphere. 

In 
Boiler. 

I 

High-press. 
Jacket. 

n  Jackets. 

Inter. 
Jacket. 

Low-press. 
Jacket. 

a 
f 

North 
Central 

Three 
Three 

lbs. 
116-3 
117-4 

lbs.       1      lbs. 
114-9         112-4 
112-7           41-6 

lbs. 
113-1 
9-8 

b 
c 
h 

North 
North 
Central 

Two 
Two 
Two 

117-0 
115-7 
117-1 

116-1 
114-6 

113-9 

112-4 

113-1          111-3 

1                    1 

d 
i 
g 

North 

Central 

Central 

One 
One 
One 

115-6 
117-9 
118-3 

113-3 

113-2              " 
112-5 

e 
j 

k 

North 
Central 

Central 

None 

None 
/  vacuum  \ 
\    in  all   / 

1      116-4 
117-5 

111-1 

!     -• 

-13-7      i  -13-7 

-13-7 

m 
n 

Central 
Central 

Thi-ee 
None 

118-3 
119-7 

113-0           42-0 

29-6 

Measurement  of  Radiation  and  Heat  Losses. — An  experiment  was 
made  by  Professor  Boare  to  ascertain  the  quantity  of  steam  condensed 
per  hour  in  each  set  of  jackets  when  the  engines  were  not  working, 
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the  jacket  pressures  being  maintained  as  nearly  as  possible  the  same 
as  during  the  trials.  The  following  are  the  results  obtained,  including 
those  from  the  "  South  "  engine,  a  third  engine  in  the  same  house. 


Jackets. 

Pressure 

in  Jackets, 

lbs.  per  sq.  in. 

above  atm. 

Weight  of 

Steam 
condensed 
per  hour. 

Pressure 

in  Jackets, 

lbs.  per  sq.  in. 

above  atm. 

Weight  of 

Steam 
condensed 
per  hour. 

High-pressure    . 
Intermediate 
Low-pressure     . 

Total  from  all    . 

lbs.  per  sq.  in. 

Central 

108 

41 

10-5 
("graduated  j 
\  pressures  / 

lbs. 

Engine. 

34-7 
31-8 
10-0 

76-5 

lbs.  per  sq.  in. 

Central 

110 

110 

110 
(      full      j 
( pressures  / 

lbs. 

Engine. 

35-7 

61-0 

112-7 

209-4 

High-pressure    . 
Intermediate 
Low-pressure     . 

Total  from  all    . 

North  1 

113 
113 
113 

(      '"''       1 
\  pressures  j 

iJngine. 

47-5 

53-2 

102-5 

203-2 

South  Engine. 

113                    41-3 
113                    52-5 
113                   118-6 

(      f""      )           212-4 
\  pressures  / 

These  quantities  of  jacket-water  per  hour  are  due  to  heat  uselessly 
radiated  from  the  various  jackets ;  and  the  differences  between  these 
and  the  quantities  condensed  per  hour  in  the  jackets  during  the 
different  trials  should  afford  an  approximation  to  the  quantity  of 
heat  passing  through  the  liner  walls  when  the  engine  is  at  work. 


Leakage  Tests. — All  the  jackets,  valves,  and  pistons  of  the  North 
and  Central  engines  were  tested  for  leakage  after  the  trials  a-k  had 
been  made.  The  two  surface  condensers  had  been  tested  previously, 
and  all  the  joints  made  tight  before  the  trials  took  place.  The  jackets 
were  tested  by  admitting  steam  to  them  at  boiler  pressure,  and  opening 
all  the  indicator  cocks.  The  test  lasted  for  nine  hours,  and  the 
leakage  was  found  to  be  practically  nil  in  all  cases.  The  steam 
admission  valves  were  tested  by  shutting  both  these  and  the  exhaust 
valves  of  each  cylinder,  and  opening  the  indicator  cocks.  The 
pressures  in  the  valve-chests  we're  respectively  120,  35,  and  5  lbs, 
per  square  inch  above  the  atmosphere.     The  test  lasted  two  hours. 
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and  the  leakage  was  practically  nil.  The  pistons  were  tested  for 
tightness  by  opening  the  top  steam-valves  and  the  bottom  indicator 
cocks,  and  shutting  the  bottom  steam-valves,  all  the  exhaust  valves, 
and  the  top  indicator  cocks.  The  valve-chest  pressures  were  120, 
35,  and  5  lbs.  per  square  inch  above  the  atmosphere,  as  before ;  and 
the  test  lasted  for  two  hours.  The  leakage  past  the  pistons  per  hour 
was  found  to  be  as  follows : — 


Piston. 

"Weight  of  Steam  per  hour 
leaking  past  pistons 
with  engine  standing. 

North 
Engine. 

Central 
Engine. 

High-pressure  piston  . 
Intermediate        „       .         .         . 
Low-pressure        „       .         .         . 

Total  Leakage             lbs.  per  hour 

lbs. 
9-1 

3-9 

0-7 

lbs. 
5-4 

0-3 

0-7 

13-7 

6-4 

Dryness  Fraction. — The  dryness  fraction  of  the  steam  in  the 
cylinder — that  is,  the  ratio  of  the  steam  present  in  the  cylinder  (as 
shown  by  the  indicator  diagrams)  to  the  total  steam  used  in  the 
cylinder — has  been  calculated  for  each  of  the  three  cylinders  at  a 
point  just  before  release.  The  high-pressure  and  intermediate  cylinder 
diagrams  were  measured  at  95  per  cent,  of  the  stroke,  and  the  low- 
pressure  at  90  per  cent.  The  results  of  the  calculations  are  given  in 
Table  58,  pages  5G2-3,  and  are  also  shown  graphically  in  Plate  148. 


Priming. — Samples  were  taken  during  the  experiment  from  the 
boilers,  steam-jiipe  drains,  jacket  drains,  and  surface  condensers ;  and 
these  were  kindly  analysed  by  Mr.  Charles  J.  Wilson,  F.I.C.,  with 
the  following  results  : — 

Steam-pipe  samples  showed  1  •  9  per  cent,  of  priming. 
Jacket-water     „  „       4*0     „         „  „ 

Condeu.scr         „  „       0*2      „         „  „ 
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The  method  employed  for  this  test  was  fully  described  in  Proceedings 
1892,  pages  148-150. 


Besidts  and  Comparisons. — In  the  following  table  the  thirteen 
trials  are  divided  into  three  groups,  and  are  arranged  in  these  groups 
in  their  order  of  merit  according  to  the  total  consumption  of  steam 
per  indicated  horse-power  per  hour;  the  steam  pressures  in  the 
boilers  and  jackets  are  added.  The  first  group  contains  the  two 
check  trials  m  and  n,  which  were  made  upon  the  Central  engine,  and 
which  both  gave  a  better  steam  economy  than  any  of  the  other  trials, 
with  the  exception  of  g  also  made  upon  the  Central  engine.  The 
second  group  consists  of  the  remaining  six  trials,  f,  g,  h,  i,  j,  and  k, 
made  upon  the  Central  engine ;  and  the  third  group  contains  the  five 
trials  a,  b,  c,  d,  and  e,  made  upon  the  North  engine. 


Steam-pressures, 

lbs.  per  square  inch  above  atmosphere.                | 

Trial 

Steam 
per 

Letter. 

lu 
Boiler.       | 

In  Jackets. 

I.H.P. 

per  hour. 

High-press. 

Inter. 

Low-press. 

Jacket. 

Jacket. 

Jacket. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Central  Engine  {check  trials). 

m 

118-3 

113-0 

42-0 

29-6 

12-50 

n 

119-7 

•• 

-• 

12-99 

Central  Engine. 

g 

118-3 

112-5 

12-89 

f 

117-4 

112-7 

41-6 

9-8 

13-16 

h 

1171 

113-1 

111-3 

13-19 

J 

117-5 

,  , 

13-47 

i 

117-9 

'.". 

113-2 

13-66 

k 

111-1 

'      -13-7 

-13-7 

-13-7 

13-94 

North  Engine. 

b 

117-0 

116-1 

113-9 

,, 

14-16 

a 

116-3 

1        114-9 

112-4 

1131 

14-24 

d 

115-6 

!        113-3 

.. 

14-54 

e 

115-7 

114-6 

112-4 

14-59 

6 

116-4 

14-69 
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It  will  be  noticed  that  the  Central  engine  gave  considerably 
better  steam  economy  than  the  North ;  and  that  the  two  check  trials 
m  and  n  in  the  first  group,  which  were  made  at  a  much  later  date, 
are  considerably  better  than  the  corresponding  trials  f  and  j  in  the 
second  group.  In  the  second  groui),  trial  g,  with  only  the  low- 
pressure  cylinder  jacketed  with  full-pressure  steam,  gave  a  better 
result  than  f  with  graduated  steam  pressui'cs  in  all  the  jackets ; 
and  j,  without  any  of  the  jackets  in  use,  was  better  than  i  with  the 
intermediate  cylinder  jacketed  with  full-pressure  steam.  The  least 
economical  result  of  the  Central  engine  was  obtained  with  the 
jackets  coupled  to  the  condenser,  trial  k.  In  the  five  trials  made 
on  the  North  engine  in  the  third  group,  comparing  b  with  a, 
and  d  with  c,  the  steam  consumption  in  both  cases  seems  t(t 
show  that  the  addition  of  the  low-pressure  jackets  in  this  engine 
causes  a  loss  in  economy,  although  the  differences  in  consumption 
are  so  slight  that  they  may  be  due  to  inevitable  errors  of  observation. 
Considering  similarly  trials  g  and  j  in  the  second  group,  the  opposite 
effect  appears  to  be  produced  upon  the  Central  engine  by  the  low- 
pressure  jacket.  The  best  result  in  the  second  group  was  obtained 
with  the  low-j)ressure  cylinder  alone  jacketed,  in  trial  g ;  and  the 
addition  of  the  intermediate  cylinder  jackets  seemed  to  cause  a  loss 
of  economy,  as  indicated  by  a  comparison  between  j  and  i.  The 
jacket  water  drained  per  hour  from  the  intermediate  and  low- 
pressure  jackets  w^is  about  twice  as  much  in  the  North  as  in  the 
Central  engine. 

The  detailed  conditions  and  results  of  the  thii'teen  trials  are 
given  in  Table  58,  jmges  560-3 ;  and  in  Plate  150  the  quantities 
of  total  feed-water  including  jacket-water,  and  of  jacket-water  alone, 
per  indicated  horse-power  per  hour,  are  shown  graphically. 
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TABLE  58  {continued  to  page  563). 

Experiment  on 

Two  Triple-Expansion   Vertical  Surface- Condensing  Engines, 

at  the  Lea  Bridge  Pumping  Station  of  the  East  London  Water  WorJcs, 

with  JacTcets  in  use  on  all  Cylinders  or  none,  or  on  any  one  or  any  two. 


Grouping 
of  Trials. 

Five  Trials 

on  North  Engine 

-with  different  jackets  in  use. 

1 

Trial  Letter    .... 

a 

b            c 

d 

e 

j 

high 

high       high 

high 

2 

Jackets  in  use         .         .         .  < 

inter. 

inter. 

none 

' 

low 

low 

3 

Date  of  Trial            .          .1893 

5  Apr. 

7  Apr. 

6  Apr. 

6  Apr. 

5  Apr. 

4 

Duration  of  Trial    .        minutes 

185-5 

179-5 

181 

181-5 

161-5 

5 

Number  of  expansions     . 

18-4 

15-9 

17-2 

15-1 

13-5 

Steam'  Pressures 

Lbs. 

per  squ 

are  inch 

6 

In  boiler         .         .  above  atm. 

116-3 

117-0 

115-7 

115-6 

116-4 

7 

„  h.-p.  valve-chest       ,,        „ 

115-0 

116-2 

114-8 

113-4 

114-6 

8 

„  inter.          ,,               ,,        „ 

34-6 

37-6       34-8 

34-5 

34-9 

9 

„  low-p.        „           below    „ 

-2-1 

-3-8      -2-2 

-3-1 

-3-3 
1-0 

10 

„  condenser       .         .  absolute 

1-0 

1-0         1-0 

1-0 

11 

i3arometric  pressure              abs. 

14-81 

14-91      14-83 

14-83 

14-82 

12 

In  high-p.  jacket       above  atm. 

114-9 

116-1      114-6 

113-3 

13 

„  inter.          „               „        „ 

112-4 

113-9 

,. 

14 

„  low-p.        „               ,,        „ 

113-1 

112-4 

15 

Mean  eff.  press.,  higb-p.  cyl. 

43-35 

46*39 

48-03 

53-09 

50-42 

16 1      „               „       inter. 

19-45 

23-31 

18-02 

20-85 

21-76 

17 

,,               ,,       low-p.      „ 

7-12 

5-29 

7-11 

5-63 

5-51 

18 

Mean  effective  pressure, 

total  reduced  to  low-p.  cyl. 

19-18 

19-07 j    19-22 

19-35 

19-22 



19 

Eevolutions  per  minute       revs. 

20-54 

21-45 

21-10 

21-37 

21-72 

20 

Piston  speed,  feet  per  min.   feet 

164 

172 

169 

171 

174 

21 

Ind.  H.P.  bigb-p.  cyl.       I.H.P. 

65-9 

73-6 

75-0 

84-0 

81-0 

22 

„        „      inter.      ,,          I.H.P. 

86-9 

108-8 

82-7 

97-0 

102-9 

23 

„      low-p.     „          I.H.P. 

90-3 

70-1 

92-6 

74-2 

73-9 

24 

„      total                   I.H.P. 

243-1 

252-5 

250-3 

255-2 

257-8 
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(continued  from  preceding  ]page)  TABLE  58. 

Experiment  on 

Two  Triple-Expansion  Vertical  Surface-Condensing  Engines, 

at  the  Lea  Bridge  Pumping  Station  of  the  East  London  Water  Wor'ks, 

loiih  Jackets  in  use  on  all  Cylinders  or  none,  or  on  any  one  or  any  two. 


Six  Trials 

on  Central  Engine 

■with  different  jackets  in  use. 

Two 

Check  Trials 

on  Central 

Engine. 

f 

g 

h 

i 

J 

k 

m 

n 

1 

high 

high 

1 

inter. 

inter. 

inter. 

none 

vacuum 
in  all 

inter. 

none   > 

2 

low 

low 

low 

low 

' 

5  Apr. 

7  Apr. 

6  Apr. 

6  Apr. 

5  Apr. 

10  Apr. 

15  Nov. 

17  Nov. 

3 

190 

171 

183 

184 

158 

169 

240 

240 

4 

18-3 

17-2 

19-3 

17-1 

15-2 

14-7 

19-0 

16-0 

5 

Lbs. 

per 

square 

inch 

Lbs.  per 

sq.  inch 

117-4 

118-3 

117-1 

117-9 

117-5 

111-1 

118-3 

119-7 

6 

114-6 

116-0 

114-9 

114-5 

114-6 

108-4 

115-9 

117-0 

7 

35-0 

35-0 

34-8 

35-0 

34-7 

34-7 

34-9 

34-9 

8 

-3-0 

-3-3 

-2-5 

-3-5 

-3-6 

-3-8 

-3-1 

-3-9 

9 

1-0 

1-0 

1-0 

1-0 

1-0 

10 

0-73 

0-74 

10 

14-81 

14-91 

14-83 

14-83 

14-82 

14-82 

14-64 

14-31 

11 

112-7 

(-13-7) 

113-0 

12 

41-6 

1131 

113-2 

(-13-7) 

42-0 

13 

9-8 

112-5 

111-3 

(-13-7) 

29-6 

14 

46-50 

49-09 

43-83 

48-43 

51-21 

50-56 

44-58 

52-21 

15 

19-32 

18-65 

18-14 

20-76 

20-32 

20-36 

19-39 

21-13 

16 

6-86 

6-92 

7-70 

6-19 

6-09 

5-93 

6-83 

5-56 

17 

19-24 

19-38 

19-35 

19-32 

19  39 

19-17 

19-01 

19-27 

18 

20-24 

21-32 

20  14 

21-36 

21-01 

22-51 

20-05 

20-01 

^ 

162 

171 

161 

171 

168 

180 

160 

160 

'20 

69-6 

77-4 

65-3 

76-6 

79-6 

84-2 

66-1 

77-3 

21 

85-1 

86-5 

79-5 

96-5 

92-9 

99-7 

84-6 

92-0 

22 

85-7 

91-1 

95-7 

81-6 

79-0 

82-4 

84-5 

68-7 

23 

240-4 

255-0 

240-5 

254-7 

251-5 

266-3 

235-2 

238-0 

24 
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TABLE  58  (continued  from  preceding  page). 

Experiment  on 

Two  Triple-Expansion  Vertical  Surface-Condensing  Engines, 

at  the  Lea  Bridge  Pumping  Station  of  the  East  London  Water  Worhf, 

icith  Jackets  in  use  on  all  Cylinders  or  none,  or  on  any  one  or  any  two. 


F 

ive  Trials 

Grouping 

on  North  Engine 

of  Trials. 

with  difterent  jackets  in  use. 

_ 

Trial  letter      .... 

a 

b 

c 

d 

e 

j 

high 

high 

high 

high 

Jackets  in  use          .         .         •  j 

inter, 
low 

inter. 

low 

none 

Dryness  Fraction  of  steam 

just  before  release 

25 

In  high-p.  cylinder       per  cent. 

88-9       88-7 

86-9 

87-5 

85-1 

26 

„  inter.            „             per  cent. 

91-3       88-0 

83-3 

81-9 

78-5 

27 

„  low-p.           „             per  cent. 

91-7 

73-5 

86-0 

69-3 

64-6 

Jachet-Water,  lbs.  per  hour 

lbs. 

lbs. 

lbs. 

lbs. 

28 

From  high-pressure  jackets 

77- 1 

27-9 

63-9 

37- 1 

29 

„     intermediate        „ 

183-8 

143-8 

.. 

.. 

30 

„     low-pressure        „ 

330-0 

300-0 

.. 

31 

Total  from  all  jackets 

590-9 

171-7 

363-9 

37-1 

32 

Due  to  outward  radiation 

(by  experiment) 

203-2 

100-7 

150-0 

[47-5] 

.. 

33 

Due  to  heat  given  to  cyl.  steam 

34 

(by  difference) 

387-7 

71-0 

213-9 

Jacket-Water,  total 

per  I.H.P.  per  hour            lbs. 

2-43 

0-68 

1-45 

0-15 

.. 

35 

Jacket-Water,  total 

in  p.c.  of  total  feed-water  p.c. 

17-1 

4-8 

9-9 

1-0 

36 

Feed-Water,  total 

per  I.H.P.  per  hour            lbs. 

14-24 

14-16 

14-59 

14-54 

14-69 

37 

Feed-Water  saved 

I 

per  lb.  of  jacket-water       lbs. 

0-19 1      0-78 

0-07 

1-00 

•  • 

38 

Feed-Water,  percentage  less 

with  steam  in  jackets  . 

3-1  p.c.  3-6  p.c. 

0-68p.c. 

1-0  p.c. 

39 

Feed-Water,  percentage  less 
compared  with  trial  e  . 

trial 
e 
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{concluded  from  page  560)  TABLE  58. 

Experiment  on 

Two  Triple-JExpansion  Vertical  Surface-Condensing  Engines 

at  the  Lea  Bridge  Pumping  Station  of  the  East  London  Water  Works, 

tvith  Jackets  in  use  on  all  Cylinders  or  none,  or  on  any  one  or  any  two. 


Six  Trials 

on  Central  Engine 

with  different  jackets  in  use. 

Two 

Check  Trials 

on  Central 

Engine. 

f 

g 

h 

i 

J 

k 

m      1       n 

high 
inter. 

inter. 

inter. 

none 

vacuum 
in  all 

high     1             1 
inter.         nono> 

low 

low 

low 

low     ' 

92-0 

78-5 

83-2 

84-0 

87-8 

90-0 

92-7         90-0 

25 

91-9 

72-7 

85-0 

85-5 

82-0 

80-5 

89-0         82-4 

'?6 

88-2 

74-4 

92-6 

76-8 

71-9 

72-4 

89-1 

66-2 

27 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

61-2 

,,• 

., 

0 

__ 

28 

90-5 

70-7 

68-9 

0 



29 

185-4 

14i-4 

163-7 

0 



30 

337-1 

141-4 

234-4 

68-9 

•• 

0 

345-0 

•  . 

31 

76-5 

112-7 

173-7 

61-0 

.. 

0 

— 

32 

260-6 

28-7 

60-7 

7-9 

•• 

0 

— 

•• 

33 

1-40 

J      0-56 

0-97 

0-27 

0 

1-47 

34 

10-6 

!      4-3 

.  7-4 

2-0 

0 

11-8 

35 

13-16 

12-89 

13-19 

13-66 

13-47 

13-94 

12-50        12-99 

36 

0-22 

1-04 

0-29 

— 

•  • 

0-33 

37 

2-3  p.c. 

4-3  p.c. 

2-1  p.c. 

— 

— 

3-8  p.c. 

38 

j 

8-3  p.c. 

.ll-6p.c. 

39 
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"No.  59. — ExPERiMEXT  ON  A  Three-Cvlixder  Compound  Engine 

AT    THE    BlACKFKIAES    PuMPING    StATION 

OF  THE  London  Hydraulic  Power  CoMPAxr, 
BY  Mr.  Bryan  Donkin. 

Engine. — The  engine  tested,  Fig.  3,  Plate  137,  is  one  of  four  at  the 
London  Hydi-aulic  Power  Co.'s  Station  at  Falcon  Wharf,  Blackfriars, 
and  is  known  as  engine  No.  1.  The  trials  took  place  by  the  kind 
permission  of  the  engineers,  Messrs.  Ellington  and  Woodall.  The 
engine  was  described  and  illustrated  in  Mr.  Ellington's  paper  on 
"  The  Distribution  of  Hydraulic  Power  in  London  "  to  the  Institution 
of  Civil  Engineers,  vol.  xciv,  1888,  j)age  1,  and  in  "Engineering," 
vol.  38,  1884,  page  99.  A  similar  engine,  No.  4  at  this  station,  was 
tested  by  Mr.  Bryan  Donkin  and  Professor  Kennedy  in  1887,  and  a 
summary  of  the  experiment,  which  is  referred  to  in  "  Engineering," 
vol.  52,  1891,  page  375,  is  given  in  No.  33  of  the  Committee's  First 
Eeport,  Proceedings  1889,  page  737.  The  present  experiment  was 
made  on  18th  October  1893  by  Mr.  Bryan  Donkin,  who  was  present 
throughout  the  whole  of  both  trials;  Mr.  Davey  was  also  present 
part  of  the  time.  Mr.  G.  Cochrane,  the  Company's  Superintendent, 
gave  much  valuable  assistance  both  before  and  during  the  trials. 

The  engine  is  a  vertical  three-cylinder  comj)ound  surface- 
condensing  engine  of  the  ordinary  double-acting  marine  type,  made 
by  the  Hydraulic  Engineering  Co.,  Chester.  There  are  three 
cylinders,  one  high-  and  two  low-pressure.  The  high-jn-essure 
cylinder  is  19*09  inches  diameter,  and  the  two  low-pressure  are  each 
25*01  inches,  all  measured  from  gauges.  The  stroke  of  all  three  is 
24  inches.  The  small  cylinder  exhausts  its  steam  into  the  two 
larger  ones.  The  three  steam  pistons  are  connected  directly  to  the 
plungers  of  the  three  main  water-pumps,  and  the  forked  connecting- 
rods  work  a  three-throw  crank-shaft.  The  high-pressure  cylinder 
is  placed  between  the  two  low-pressure,  which  are  designated  left 
and  right,  as  seen  from  the  front  of  the  engine.     The  cranks  are 
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120°  apai%  and  follow  in  the  order — high-pressure,  left  low-j)ressure, 
right  low-pressure.  The  pumj)  plungers  are  4*98  inches  diameter, 
and  the  piston-rods  3  inches.  There  are  no  tail-rods.  The  steam- 
valves  are  all  of  the  flat  type.  The  cut-off  in  all  three  cylinders  was 
kept  constant,  the  governor  being  disconnected  during  the  trials. 

The  cylinders  and  jackets  are  cast  separately,  the  jacket  space 
between  the  liners  and  the  cylinders  being  1^  inch.  The  metal  of  the 
cylinders  is  1  inch  thick.  The  three  cylinder  bodies  could  be  steam- 
jacketed,  and  also  the  two  low-jircssure  top  covers.  At  admission, 
before  the  j^iston  moves,  only  12*5  per  cent,  of  the  total  internal 
surface  touched  by  steam  is  jacketed  in  the  small  cylinder,  and 
only  25-7  per  cent,  in  each  of  the  two  large  cylinders.  Just 
before  release,  at  90  per  cent,  of  the  stroke  these  percentages  are 
respectively  51*3  and  56-3  jjer  cent.  The  steam  is  supplied 
to  the  five  jackets  by  a  short  pipe,  1^  inch  diameter,  from  the  steam- 
main  near,  with  branches  h  inch  diameter  to  each  jacket.  The 
drain  pipes  from  the  jackets  are  also  h  inch  diameter.  As  these 
steam-suj)j)ly  pipes  are  rather  small,  the  full  boiler-pressure  could 
not  be  maintained  in  the  jackets,  as  will  be  seen  from  Table  59, 
page  570.  After  the  trials  were  over,  the  siieed  was  reduced  to  15 
revolutions  per  minute,  at  which  sj)eed  the  full  steam-jn-essure  was 
reached  in  the  jackets.  Each  body-jacket  had  a  separate  pressure- 
gauge  fixed  on  it ;  and  during  the  experiment  was  also  provided  with 
two  pet-cocks,  one  at  the  top  and  one  at  the  bottom.  These 
were  often  kept  slightly  open,  and  occasionally  opened  fully ;  but 
there  were  no  signs  of  any  air  or  water  collecting,  and  the  steam 
seemed  very  dry.  The  water  drained  from  the  body  jackets  passed 
through  separate  steam-trai)S,  and  the  discharge  from  each  was 
measured  in  a  separate  tank.  The  drain-pipes  from  the  two 
low-pressure  tojj-cover  jackets  were  connected,  and  drained  into  a 
fourth  tank. 

The  cylinders  are  clothed  externally  round  their  vertical  sides 
with  about  one  inch  of  non-conducting  material  and  lialf  an  inch  cf 
wood  casing.  The  three  top  covers  arc  also  clothed  with  about  one 
inch  of  non-conducting  material ;  but  the  bottom  covers  are  left 
unclothed. 

3   B 
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The  following  table  gives  the  volumes  and  surfaces  of  the 
clearances  alone  ;  of  the  cylinders  up  to  90  per  cent,  of  their  stroke 
plus  the  clearances ;  and  of  the  receiver.  The  extent  of  the 
jacketed  and  unjacketed  portions  of  the  inner  surfaces  is  also  given. 
The  figures  for  the  cylinders  are  the  means  for  the  two  ends.  The 
clearance  volume  of  the  high-pressure  cylinder  is  equivalent  to  7 '23 
per  cent,  of  the  piston  disj)lacement,  or  1-74:  inches  of  the  stroke. 
For  each  low-pressure  cylinder,  the  clearance  volume  is  equivalent  to 
6*02  per  cent,  of  the  piston  displacement,  or  1'45  inches  of  the 
stroke.  The  actual  distance  between  the  pistons  and  the  covers  is 
about  3-8ths  inch. 


Volumes  and  Surfaces. 


Volumes 

Clearance  and  passages 
Cj'linder  at  90  per  cent,  of  stroke 
Total  steam  ,,  „         „ 

Intermediate  Keceiver. 


High-pressure 
cylinder. 


Cubic  feet 

0-284 
3-534 
3-818 


Each 

Low-pressure 

cylinder. 


Cubic  feet 

0-408 
6-097 
6-505 


4-56  cubic  feet. 


Surfaces 

m  (Jacketed  . 

Clearance  Unjacketed 

^1°^«  (Total         . 

Clearance   plus  (Jacketed   . 
Cylinder  at      <  Unjacketed 
90  p.c.  of  stroke  ( Total 


Sq.  feet 

1-3 

9-1 
10-4 

9-8 

9-3 

19-1 


Per  cent. 

12-5 

87-5 
100-0 

51-3 

48-7 

100-0 


Sq.  feet 

3-7 
10-7 
14-4 

14-8 
11-5 
26-3 


Per  cent. 

25-7 

74-3 

100-0 

56-3 
43-7 

100-0 


Intermediate 
Eeceiver 


I  Jacketed  . 
Unjacketed 
Total 


Square  feet 

6-2 
40-4 
46-6 


Per  cent. 

13-3 

86-7 
100-0 


The  surface  condenser  contains  530  square  feet  of  cooling  surface  ; 
it  was  tested  by  water  pressure  both  before  and  after  the  trials  and 
found  absolutely  tight.  The  following  three  vertical  pumps  are 
worked  by  means  of  levers  from  the  cross-head  of  the  high-pressure 
cylinder: — double-acting  circulating  pump  8  inches  diameter,  air- 
j)ump  11  inches  diameter,  and  feed-pump  2j  inches  diameter;  all 
having  a  16-inch  stroke. 
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Details  of  Experiment. — Two  separate  trials  were  made,  eaeli  of 
three  hours'  duration  without  any  stoppage ;  the  first  was  made 
without  steam  in  any  of  the  jackets,  and  the  second  with  steam  in  all 
the  five  jackets.  Two  hours'  interval  was  allowed  between  the  trials, 
to  heat  up  the  metal  for  the  jacketed  trial.  The  steam  appeared 
very  dry ;  but  a  good  deal  of  water  was  found  at  the  bottom  of  the 
high-pressure  cylinder,  especially  during  the  unjacketed  trial.  The 
counter  and  pressure-gauges  were  read  every  ten  minutes ;  and  indicator 
diagrams  from  each  end  of  each  cylinder  were  taken  every  fifteen 
minutes  during  both  trials,  each  end  of  each  cylinder  being  provided 
with  a  separate  indicator  attached  by  a  short  straight  pipe.  The 
two  sets  of  six  indicator  diagrams  nearest  to  the  mean  are  given  in 
Plate  142. 

No  account  was  kept  of  the  coal,  or  of  the  feed-water  on  its  way 
to  the  boiler  :  the  water  from  the  surface  condenser,  and  the  thermal 
efficiency,  being  taken  as  the  standards  of  comparison  in  the  two 
trials.  The  water  as  it  came  from  the  air-pump  was  measured  in 
two  special  tanks,  each  of  about  70  gallons  capacity;  and  the 
quantities  were  obtained  by  means  of  a  pointer  attached  to  a  float. 
These  tanks  had  been  carefully  graduated  with  a  ten-gallon 
standard  can ;  and  the  two  were  filled  alternately  during  the  trials, 
the  water  when  recorded  being  run  to  waste.  The  main  steam-pipe 
was  drained  about  ten  feet  from  the  high-pressure  valve-chest,  but 
this  water  is  excluded  from  all  the  results. 

The  speed  of  the  engine  varied  somewhat  during  the  experiment, 
although  the  mean  speeds  were  almost  exactly  the  same  in  both  trials. 
The  steam  pressures  were  also  practically  equal  in  the  two  trials ;  but 
in  the  jacketed  trial  the  steam  was  intentionally  throttled  a  little  after 
it  passed  the  i^ressure-gauge,  and  just  before  it  reached  the  valve- 
chest  of  the  high-pressure  cylinder.  Thus,  although  the  pressure- 
gauge  on  the  main  steam-pipe  showed  the  same  in  the  two  trials,  the 
pressure  of  the  steam  entering  the  valve-chest  was  a  few  lbs.  per 
square  inch  less  in  the  jacketed  than  in  the  unjacketed  trial.  Had 
the  stop-valve  been  kept  full  ojien  in  the  jacketed  trial,  the  engine 
would  have  run  at  about  GO  revolutions  per  minute.  The  mean 
water-pressure  in  the  mains  and  against  the  pumps  was  713  lbs.  per 
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square  inch  in  both  trials.  With  the  exception  of  tLe  slight  ordinary 
working  irregularities  of  speed,  no  difficulties  whatever  occurred 
during  the  progress  of  the  trials. 

Besults. — The  detailed  results  of  the  two  trials  are  given  in 
Table  59,  pages  570—1.  Comparing  the  trials  on  the  basis  of 
consumption  of  feed-water  per  indicated  horse-power  per  hour, 
including  jacket-water,  a  gain  of  5*43  per  cent,  in  favour  of  the 
jacketing  is  shown.  One  effect  of  the  jacketing  was  to  increase  the 
mean  effective  pressure  in  the  two  low-pressure  cylinders. 

Thermal  Efficiencies.— The  thermal  efficiencies  for  the  two  trials, 
or  the  ratio  of  the  heat  turned  into  useful  work  to  the  whole  heat 
supplied  to  the  engine,  are  given  in  the  following  table.  The 
temperature  of  the  air-pump  discharge  was  96°  F.  without  jackets, 
and  91°  F.  with  jackets  ;  the  heat  supplied  to  the  engine  has  been 
calculated  down  to  these  limits  both  for  cylinder  and  for  jacket  steam. 
The  percentage  increase  in  thermal  efficiency  with  the  jackets  in  use 
is  rather  lower  than  the  percentage  gain  in  steam  consumption. 


Jackets  With  or  Without  steam 

Without 

With 

Heat  passing  through  engine  per  strohe 

Th.  Units. 

Th.  Units.  : 

Thi-ough  cylinders      ...... 

569-7 

511-4 

Througli  jackets          ...... 

0-0 

51-1 

Total  through  engine .         .         .         . 

569-7 

562-5 

Thermal  equivalent  of  I.H.P.  per  stroke . 

68-3 

71-1 

Thermal  efficiency  of  engine  .         .         .         .         . 

12-Op.c. 

12-6p.c. 

Percentage  increase  in  efficiency  with  jackets  . 

5-0  p.c. 

Dryness  Fraction. — The  dryness  fraction  of  the  steam  in  the 
cylinders — that  is,  the  ratio  of  the  steam  j)resent  in  the  cylinders 
(as  shown  by  the  indicator  diagrams)  to  the  total  steam  used  in  the 
cylinders — has  been  calculated  at   a  point  just   before   release,  at 
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90  per  cent,  of  the  stroke  in  each  cylinder.  In  the  two  low-pressure 
cylinders  the  mean  result  is  07*3  per  cent,  of  the  feed-water  present 
as  steam  just  before  release  without  steam  in  the  jackets,  and  86*0 
per  cent,  with  steam  in  the  jackets :  showing  the  steam  to  be  much 
drier  with  the  jackets  in  use  than  without,  even  although  such  small 
portions  of  the  cylinders  are  jacketed. 

Engine  running  light. — The  engine  was  indicated  while  running 
light,  that  is  with  the  air,  circulating,  and  feed  pumps  working,  but 
■with  the  water  to  the  main  pumps  shut  off.  The  result  of  a  mean  of 
three  sets  of  diagrams  was  23-43  total  indicated  horse-power  at  49*6 
revolutions  per  minute,  ivitlwut  steam  in  jackets,  or  22  •  82  indicated 
horse-power  when  reduced  to  a  speed  of  48  •  3  revolutions  per  minute. 
Steam  was  then  admitted  to  the  jackets,  and  after  an  interval  of  an 
hour  and  a  half  the  engiue  was  again  indicated,  and  the  mean  of 
three  sets  of  indicator  diagrams  gave  a  total  indicated  horse- j)0wer  of 
22*99  at  a  speed  of  48*3  revolutions  jier  minute  v:ith  steam  in  jackets. 
At  the  increased  speed  of  58  revolutions  per  minute  the  total 
indicated  horse-powers  were  27*95  ivithout,  and  28*45  with  steam  in 
the  jackets.  These  figures  show  that  with  or  without  steam  in  the 
jackets  the  engine  absorbs  practically  the  same  amount  of  power. 

Radiation  Trial. — A  radiation  trial  lasting  2^^  hours  was  made 
with  the  engine  at  rest,  measuring  the  discharge  water  from  all  the 
jackets  with  the  same  steam-pressures  in  them  as  during  the  jacketed 
trial.  The  steam  condensed  amounted  to  77  •  2  lbs.  per  hour,  and  is 
given  in  Table  59,  page  571.  This  is  equivalent  to  29*1  per  cent, 
of  the  measured  jacket-water  wlicn  the  engine  was  working.  The 
temperature  of  the  engine  house  was  about  80'  Fahr. 


570 
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TABLE  59  (continued  on  next  page). 

Experiment  on  a 

Three-Cylinder  Compound  Vertical  Surface- Condensing  Engine, 

at  the  Blackfriars  Pumping  Station  of  the  London  Hydraulic  Poiver  Co., 

WITH  and  WITHOUT  Steam  in  JacJcets. 


1 

Jackets,  WWi  or  Without  Steam 

. 

Witliout 

•With 

2 

Duration  of  Trial           .... 

hours 

3 

3 

3 

Number  of  Expansions 

• 

6-54 

6-54 

Steam  Pressures,  lbs.  per  square  inch 

lbs. 

lbs. 

4 

By  engine-room  gauge,  above  atmosphere 

• 

79-6 

79'3 

5 

In  liigb-pressure  cyl.  body-jacket,  above  atmosphere 

68 

6 

„  right  low-press,  cyl.      „                „ 

5> 

•• 

69 

7 

„  leit        „         „    „        „                „ 

» 

73 

8 

Maximum  in  high-pressure  cylinder 

absolute 

93-0 

91-6 

9 

Minimum  „           „                       „ 

5> 

18-0 

22-0 

10 

Maximum  in  right  low-press.      „ 

»» 

20-3 

24-2 

11 

»>            5»    iGit              „                     „ 

»5 

20-7 

24-4 

12 

Minimum  in  right        „              „ 

„ 

2-6 

2-3 

13 

„        „  left          „              „ 

„ 

2-5 

1-9 

14 

Vacuum  in  condenser 

„ 

1-6 

1-6 

15 

Barometric  pressure 

» 

14-87 

14-87 

Range  of  temperature  from  diagrams 

16 

In  high-pressure  cylinder 

Fahr. 

100° 

88° 

17 

„  right  low-pressure  „            ... 

Fahr. 

93° 

107° 

18 

„  left            ,,              „           .         .         . 

Fahr. 

95° 

114° 

Dryness  Fraction  of  steam  at  release  (90  p.  c 

of  stroke) 

19 

In  high-pressure  cylinder 

per  cent. 

76-7 

83-5 

20     Mean  in  two  low-pressure  cylinders 

per  cent. 

67-3 

86-0 
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{concluded  from  preceding  page)  TABLE  59. 

Experiment  on  a 

Three-Cylinder  Compound  Vertical  Surface- Condensing  Engine, 

<it  the  Blachfriars  Pumping  Station  of  the  London  Hydraulic  Power  Co., 

WITH  and  WITHOUT  Steam  in  Jackets. 


1 

Jackets,  With  or  Without  steam 

• 

Without 

With 

lbs. 

3Iean  Effective  Pressure,  lbs.  per  square  inch 

lbs. 

21 

In  high-pressure  cylinder 

. 

51-59 

44-90 

22 

„  right  low-pressure    „          .         .         . 

. 

11-45 

14-94 

23 

„  left            „               „          .         .         . 

. 

12-81 

15-42 

24 
25 

Total  reduced  to  one  low-pressure  cylinder 

• 

54-16 

56-38 

Kevolutions  per  minute 

revs 

47-83 

47-84 

26 

Piston  speed,  feet  per  minute 

fee 

t        191 

191 

27     Indicated  horse-power,  liigli-i^ressure  cyl. 

I.H.P 

84-5 

73-6 

28             ,,                „             right  low-press,  cyl. 

I.H.P 

.       32-4 

42-2 

29 

„                „             left           „            „ 

I.H.P 

36-2 

43-6 

30 

„                „             mean  total 

I.H.P 

.     153-1 

159-4 

Jaclcet-  Water,  lbs.  per  hour 

lbs. 

lbs. 

31 

From  high-pressure  body-jacket 

63-3 

32 

„      right  low-pressure  body-jacket 

91-7 

33 

„      left            „                     „ 

88-3 

34 

„      both  low-pressure  top-cover  jackets 

.. 

21-7 

35 

Total  from  all  five  jackets 

265-0 

36 

Due  to  outward  radiation  (by  special  experiment) 

77-2 

37 

Due  to  heat  through  cylinder  walls  (by  diiference) 

187-8 

38 

Jacket- Water,  total  per  I.H.P.  per  hour  • 

. 

.. 

1-66 

39 

„                 „     in  percentage  of  feed-water 

9-2  p.c. 

Feed-  Water,  including  jachct-watcr 

lbs. 

lbs. 

40 

„            total  per  I.H.P.  per  hour 

19-15 

18-11 

41 

„            saved  per  lb.  of  jacket-water 

0-63 

42 

„            percentage  less  with  all  jackets 

in  use 

-• 

5-43  p.c. 
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No.  60. — Experiment  on  a  Compound  Engine 
AT  THE  Hampton  Pumping  Station 

OF    THE    SoUTHWAEK    AND    YaUXHALL   WaTEE    WoEKS, 
BY    PllOFESSOR    T.    HuDSON    BeAEE. 

Object  of  Experiment. — To  ascertain  the  advantage  obtained  by 
tlie  use  of  tlie  jackets.  Permission  to  make  the  experiment  was 
kindly  given  by  Mr.  J.  W.  Eestler,  the  Engkieer  to  the  Water 
Company,  and  every  opj)ortunity  was  afforded  for  carrying  it  out 
successfully.  The  engine  was  not  in  any  way  prepared  for  the 
experiment,  and  had  been  running  night  and  day  without  an  overhaul 
for  about  eighteen  months  previously. 

Engine. — This  experiment  was  made  uj)on  one  of  two  compound 
vertical  surface-condensing  engines  of  the  ordinary  inverted  double- 
acting  marine  type.  Fig.  4,  Plate  137,  designed  by  Mr.  Eestler,  and 
constructed  by  Messrs.  Eichard  Moreland  and  Son,  London.  The 
engines  were  fully  described  and  illustrated  in  "  The  Engineer,"' 
vol.  64,  July  1887,  j)ages  10  to  98.  That  description  however  was 
taken  from  the  original  specification,  after  the  jirejiaration  of  which 
several  important  modifications  in  detail  were  introduced,  notably  in 
connection  with  the  jacketing  arrangements.  The  cylinders  ars 
32  inches  and  52|  inches  diameter,  each  having  a  stroke  of  84  inches. 
The  piston  rods  are  each  6  inches  diameter.  The  engines  are 
provided  with  ordinary  D  slide-valves,  one  at  each  end  of  each 
cylinder,  each  D  valve  having  a  Meyer  expansion  valve.  The 
valve-chests  are  prolonged  to  the  ends  of  the  cylinders,  thereby 
securing    short    ports    and    very   small    clearance   volumes.      The 
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main  pumps  are  of  the  vertical  piston  type,  placed  one  under 
each  cylinder,  and  are  worked  direct  from  the  engine  cross-heads 
by  means  of  vertical  rods  arranged  so  as  to  pass  the  crank- 
shaft. Each  pump  is  19  inches  diameter  by  7  feet  stroke,  and 
works  against  a  head  of  about  180  feet  of  water.  The  air-pump 
and  feed-pump  are  actuated  by  a  beam  from  the  cross-head  of  the 
high-pressure  cylinder,  and  the  circulating  pump  by  a  similar 
beam  from  the  low-pressure  cross-head.  Each  engine  has  a  surface 
condenser,  containing  553  tubes  7  feet  long  and  1  inch  outside 
diameter,  having  a  total  cooling  surface  of  1,040  square  feet.  The 
feed-pump  is  4f  inches  diameter  by  27  inches  stroke,  the  air-pump 
24  inches  diameter  by  39  inches  stroke,  and  the  circulating  pump 
13  inches  diameter  by  39  inches  stroke. 

Before  the  feed-water  enters  the  boiler  it  passes  through  an 
economiser,  and  is  raised  some  70"^  or  80°  in  temperature. 

The  bodies  and  ends  of  both  cylinders  are  jacketed ;  also  the 
receiver,  steam  j)assages,  valve-chests,  and  covers.  The  cylinders 
form  liners  within  the  body  jackets.  The  jackets  are  supplied 
with  steam  by  separate  pipes  leading  from  the  main  steam-pipes. 
The  cylinders  and  steam  pipes  are  coated  externally  with  2  inches 
of  Leroy's  non-conducting  composition  and  lagged  outside  with 
wood. 

The  following  table  gives  the  areas  of  jacketed  and  unjacketed 
clearance  surface  for  each  cylinder,  that  is  the  total  internal  surface 
exposed  to  steam  at  admission,  before  the  piston  moves ;  the  areas  of 
jacketed  and  unjacketed  surface  of  each  cylinder,  inclusive  of  clearance, 
exposed  to  steam  at  release,  are  also  given.  The  areas  of  the  jacketed 
and  unjacketed  portions  of  the  inner  surface  of  the  receiver,  calculated 
from  the  exhaust  valve  of  the  high-jircssure  cylinder  to  the  admission 
valve  of  the  low-pressure  cylinder,  arc  also  added.  From  this  table  it 
will  be  seen  that  about  70  per  cent,  of  the  internal  surface  exposed 
to  steam  at  the  points  of  release  in  both  of  the  cylinders  is 
jacketed. 
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Clearance  Surface  only. 
Piston  at  beginning  of  stroke. 

Area  of  inner  surface 

exposed  to  steam 

at  Admission. 

Jacketed. 

Unjacketed. 

Total. 

(    ^^^:^^^^S     1    s     feet 
\    main-valve   >      ^ 
Higli-               passage      )  P"' '^e^t. 
pressure     < 
cylinder            excluding    1          . 

main-valve         'I,  ,ent. 

V  passage      )  '■ 

f    including     )          ^    . 
main-valve        ^^- ^^^J 
Low-                passage      )  P^r  eent. 
pressure      < 
cylinder           excluding     1 

/    main-valve    >      ^         . 
\                         1  per  cent. 

V  passage       )  ^ 

7-9 
25-1 

7-9 
27-8 

16-1 
25-1 

16-1 
26-7 

23-6 
74-9 

20-5 

72-2 

48-1 
74-9 

44-3 
73-3 

31-5 
100  0 

28-4 
100-0 

64-2 
100-0 

60-4 
100-0 

Clearance    and    Cylinder    Surfaces, 

measured  at  95  per  cent,  of  stroke, 

excluding  main-valve  passage. 

Area  of  inner  surface 

exposed  to  steam 

at  Kelease. 

1 
Jacketed,   i  Unjacketed. 

Total. 

High-pressure  cylinder     .   {p^^J-'cent. 

Low-pressure  cylinder      .   \    ^'^^'   *^*^, 
^                 -                      \  per  cent. 

61-8 
71-0 

104-8 
68-3 

25-2 
29-0 

48-6 
31-7 

87-0 
100  0 

1       153-4 
100-0 

Total  Internal  Surface 
of  Eeceiver. 

Area  of  whole  inner  surface 
continually  exposed  to  steam. 

Jacketed. 

Unjacketed. 

Total. 

From  high-p.  exhaust  valve  ("    sq.  feet 
to  low-p.  admission  valve  \  per  cent. 

102-0 
59-3 

700 
40-7 

172-0 
100-0 
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The  clearance  and  release  volumes  for  the  two  cylinders  are  as 
follows  : — 


Clearance  and  Release  Volumes. 

Total 
volume. 

Percentage 
of  piston 
volume. 

Equivalent 

length  of 

stroke. 

High-pressure  cylinder. 

Clearance  volume                              "t 
including  main-valve  passage       J 

Clearance  volume                              "1 
excluding  main-valve  passage      / 

Total  Release  volume                        j 
at  95  per  cent,  of  stroke,                > 
excluding  main-valve  passage      ) 

Cubic  feet 
1-02 
0-86 

37-35 

Per  cent. 
2-GG 
2-24 

97-24 

Inches 
2-23 
1-88 

81-68 

Low-pressure  cylinder. 

Clearance  volume 

including  main-valve  passage      j 

Clearance  volume                               > 
excluding  main-valve  passage      j 

Total  Release  volume                        j 
at  95  per  cent,  of  stroke, 
excluding  main-valve  passage 

2-22 
1-94 

101-74 

2-11 
1-85 

96-85 

1-77 
1-55 

81-35 

The  total  volume  of  the  intermediate  receiver,  measuring  between 
the  exhaust  valve  of  the  high-pressure  cylinder  and  the  admission 
valve  of  the  low-pressure  cylinder,  is  34  •  6  cubic  feet. 

Details  of  Experiment. — The  experiment  extended  over  Thursday, 
Friday,  and  Saturday,  the  4th,  5th,  and  6th  January  1894.  The  first 
day's  trial  was  made  with  steam  in  all  the  jackets,  and  lasted  for  five 
hours  ;  the  second  day's  trial  was  made  without  steam  n  any  of  the 
jackets,  and  lasted  five  hours  ;  the  third  day's  trial  was  made  with 
steam  in  the  jackets  of  the  high-pressure  cylinder  and  receiver  only, 
and  lasted  three  hours. 

The  air-pump  discharge  water  was  measured  in  tanks.  The 
water  from  the  cylinder  and  receiver  jackets  was  collected  in  three 
separate   tanks,  and  the   results   are   given   in  detail  in  Table  60, 
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page  579.  The  condenser  and  all  tlie  steam-jackets  were  carefully 
tested  for  tightness  before  the  trials,  and  found  in  perfect  order. 
The  counter  and  gauges  were  read  at  regular  intervals  of  twenty- 
minutes  throughout  the  trials,  the  gauges  having  been  tested  before 
the  trial  and  found  correct.  Neither  the  coal  used  nor  the  feed- 
water  actually  pumped  into  the  boilers  was  measured,  the  total 
weight  of  aii--i)ump  discharge  water  and  jacket  water  per  I.H.P.  per 
hour  being  taken  as  the  standard  of  comparison. 

An  indicator  was  provided  for  each  end  of  each  cylinder,  and 
attached  by  the  usual  short  pipe  connection.  The  indicator  springs 
were  all  tested,  and  the  corrections  have  been  allowed  for  in  calculating 
the  mean  effective  pressures.  Diagrams  were  taken  from  each  end  of 
each  cylinder  at  intervals  of  twenty  minutes  throughout  the  three 
trials,  each  set  being  taken  as  nearly  as  possible  simultaneously.  In 
this  way  60  diagrams  in  all  were  obtained  in  each  of  the  first  two 
trials,  and  36  in  the  third.  The  sets  of  diagrams  nearest  to  the 
mean  for  the  first  two  trials  are  given  in  Plate  143  ;  and  the  same 
sets  of  diagrams,  expanded  lengthwise  in  the  ratio  of  their  piston 
volumes,  and  combined,  are  shown  in  Plate  144. 

Badiation  Trial. — A  radiation  test,  with  the  engine  not  working, 
was  made  the  week  after  the  above  trials,  with  the  same  pressure  in 
the  jackets ;  it  gave  the  following  results  : — 

Jackets.  Eadiation  Water. 

High-pressure  cylinder  ....  122-4  lbs.  per  hour. 

Low-pressure          „  .         .         .         .  800-0     „        „ 

Eeceiver         .         .  .         .         .         .       24-8     „        „ 


Total  Radiation  Water      .  .  .     447  ■  2  lbs.  per  hour. 

Dryness  Fraction. — The  dryness  fraction  of  the  steam  just  before 
release,  for  each  of  the  trials,  has  been  worked  out  from  the  indicator 
diagrams,  and  the  results  are  given  in  Table  60,  page  579. 

Results  and  Comiiarisons. — The  results  are  tabulated  in  detail  for 
the  three  trials  in  Table  60,  pages  578-80.  In  the  first  day's  trial, 
with  all   the   jackets  in  use,  there  was  a  saving    in   feed-water   of 
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10  "0  per  cent,  as  compared  with  tlie  trial  on  tlie  following  day  when 

all  the  jackets  were  out  of  use.      In  the  third  day's  trial  when  the 

high-pressure  cylinder   and   receiver  jackets  only  were   in  use,  the 

consumption  of  steam  was  increased  2  •  6  per  cent,  as  compared  with 

the  trial  without  jackets. 
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TABLE  60  {continued  to  page  580). 

Experiment  on  a 

Compound  Vertical  Surface-Condensing  Engine, 

at  the  Hampton  Pumping  Station 

of  the   SouthwarJi   and    Vauxhall    Water    Works, 

ivith  Jackets  in  use  on  all  Cylinders  or  none, 

or  icith  the  High-Pressure  Cylinder  and  Receiver  Jackets  only. 


1 

Day  of  Trial 

Thursday 

Friday 

Saturday 

2 

Jackets  in  use 

■  •! 

high 

low 

receiver 

none 

high 
receiver 

3 

Date  of  Trial 

.  1894 

4  Jan. 

5  Jan. 

6  Jan. 

4 

Duration  of  Trial 

hours 

5 

5 

3 

5 

Number  of  expansions 

• 

8-75 

8-26 

8-06 

Steam  Pressures 

lbs.  per 

square 

inch 

6 

In  boilers          .         .  above 

itmosphere 

94-7 

94-1 

94-1 

7 

„  high-pressure  steam-jacket 

above  atm. 

92-9 

.. 

93-1 

8 

,,  low 

»        » 

91-1 

.. 

•• 

9 

„  intermediate  receiver 

5)                 tt 

13-5 

12-6 

12-9 

10 

„  condenser 

absolute 

2-3 

2-3 

2-2 

11 

Barometric  pressure  . 

)) 

14-8 

14-6 

14-5 

12 

Mean  effective  pressure,  high- 

p.  cylinder 

32  16 

35-81 

36-13 

13 

low-p. 

10-31 

8-19 

8-61 

14 

Mean  effective  pressure, 

total  reduced  to  low-p.  cyl. 

22-07 

21-28 

21-82 

15 

Kevolutions  per  minute 

.  revs. 

21-23 

21-22 

1 
21-20 

16 

Piston  speed,  feet  per  minute 

.     feet 

297 

297 

297 

17 

Indicated  horse-power,  high-p. 

cyl,I.H.P. 

228-9 

254-7 

256-7 

18 

„                „            low-p. 

„    I.H.P. 

200-6 

159-3 

167-3     i 

19 

„                „            total 

I.H.P. 

429-5 

414-0 

424-0    j 
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Experiment  on  a 

Compound  Vertical  Surface-Condensing  Engine, 

at  the  Hampton  Pumping  Station 

of  the   SouthioarJc   and    Vauxhall    Water    WorJcs, 

with,  Jackets  in  use  on  all  Cylinders  or  none, 

or  ivith  the  High-Pressure  Cylinder  and  Receiver  Jackets  only. 


Day  of  Trial 

Jackets  iu  use     .         .         .         .         .  < 

Thursday 

high 

low 

receiver 

Friday 

none 

Saturday 
high 

receiver 

20 
21 

22 

Dryness  Fraction  of  steam 

In  high-p.  cyl.  after  cut-oft'  .      per  cent. 
„        „         „     before  release      per  cent. 
„  low-p.     ,,        „          ;,       .      per  cent. 

79-4 
92-1 
85-9 

75-7 
87-6 
69-4 

77-1 

85-2 
70-7 

23 

24 

25 
26 
27 
28 
29 
30 

Air-piimp  discharge  Water 

Per  hour lbs. 

„     I.H.P.  per  hour                .          .     lbs. 

6,284 
14-63 

7,315 
17-67 

7,312 
17-25 

Jacliet-Water 

From  high-pressure  jackets  per  hour  lbs. 

„    low         „            „        „      „      lbs. 

„    receiver               „        „      „      lbs. 
Total  Jacket-Water     „        „      „      lbs. 
Total  per  I.H.P.  per  hour      .         .     lbs. 

„    in  percent,  of  total  Feed- Water  p.c. 

240 
238 
67 
545 
1-27 
8-0 

255 

120 
375 
0-88 
4-9 

31 
32 
33 
34 

35 

Feed- Water,  including  Jachet- Water 

Total  per  hour     ....     lbs. 

„      per  I.H.P.  per  hour     .          .     lbs. 
Saved  per  lb.  of  Jacket- Water       .     lbs. 
Percentage  lexs  Feed-Water,  with  steam 

in  all  of  the  jackets  .... 
Percentage  more  Feed-Water,  with  steam 

in  high  and  receiver  jackets  only 

6,829 

15  1)0 

1-39 

10  0  p.c. 

7,315 
17-67 

1 

1 

1 

7,687 

18-13 

(-0-52) 

2-6  p.c. 
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TABLE  60 
(concluded  from  page  578). 

Experiment  on  a 

Compound  Vertical  Surface-Condensing  Engine, 

at  the  Hampton  Pumping  Station 

of    the   Southwarh   and    Vauxhall    Water    Wo7-ls, 

with  JacJcets  in  use  on  all  Cylinders  or  none, 

or  icith  the  High-Pressure  Cylinder  and  Beceiver  JacJcets  only. 


Day  of  Trial        .... 

Thursday 
1       high 

Friday 

Saturday 
high 

Jackets  in  use      .... 

<        low 
I    receiver 

none 

receiver 

Absolute  Pressures,  lbs.  per  square  inch, 

measured  from  indicator  diagrams 

lbs. 

per 

sq.  inch 

36 

Maximum  initial  in  high-pressure  cyl. 

99-2 

98 

6 

98-2 

37 

At  cut-oif                       „           „           „ 

79-4 

81 

7 

81-4 

38 

„  release                       „           „           „ 

26-1 

28 

6 

28-0 

39 

Minimum  exhaust         „           „           „ 

19-1 

20 

0 

18-4 

40 

Maximum  initial  in  low-i^ressure  cyl. 

23-3 

20 

0 

20-8 

41 

At  release                       „           „           „ 

8-0 

7 

5 

7-6 

42 

Minimum  exhaust        „           ,,           „ 

3-5 

3-7 

3-7 

43 

Temperature  range  in  high-p.  cyl.    Fal 

r.       102° 

99° 

103° 

44 

„              „       „  low-p.      „      Fall 

r.         88° 

77° 

80° 

45 

Temperature  of  air-pump  discharge  Fal 

ir.         98° 

101° 

101° 

Th.  U. 

Th.  U. 

Th.  U. 

46 

Boiler    steam,     total  heat,  Th.  U.  per  11 

).        1184 

1184 

1184 

47 

Air-pump  discharge    .,          Th.  U.  per  11 

).           66 

69 

69 

48 

Jacket  steam,  latent  heat     Th.  U.  per  11 

).          879 

879 

Heat  passing  through  engine 

Th.  U. 

Th.  U. 

Th.  U. 

49 

Through  Cylinders       Th.  U.  per  strok 

e      2758-0 

3203-4 

3204-4 

50 

„          Jackets           Th.  U.  per  strok 

B        239-5 

163-5 

51 

Total  through  engine    Th.  U.  per  strok 

3      2997-5 

3203-4 

3367-9 

52 

Equivalent  of  I.H.P.     Th.  U.  per  strok 

3        432-4 

417-1 

427-5 

53 

Thermal  Efficiency  (line  52^51)      p.  c 

.     14-4  p.c. 

13-0  p.c. 

12-7  p.c. 
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No,  61. — Experiment  on  a  Compound  Engine  and  Cornish  Boiler 

AT    THE    VaUXHALL    StATION 

OF  THE  South  Metropolitan  Gas  Works, 
BY  Mr.  Bryan  Donkin. 

Experiment. — This  experiment  was  made  in  February  and  Marcla 
1894  on  a  compound  horizontal  engine  and  Cornish  boiler  at 
the  Vauxhall  Station  of  the  South  Metropolitan  Gas  Company, 
by  the  permission  and  with  the  valuable  assistance  of  Mr.  C.  C. 
Carpenter,  the  Engineer  in  charge  of  the  works.  The  engine 
drives  a  gas  exhauster  of  Beale's  latest  pattern,  capable  of  passing 
200,000  cubic  feet  of  gas  per  hour  at  90  revolutions  per  minute,  with 
the  engine  running  at  80  revolutions  per  minute.  The  exhauster 
is  provided  with  fast  and  loose  j)ulleys,  and  is  driven  from  a 
countershaft  actuated  by  a  belt  from  the  fly-wheel  of  the  engine.  In 
trials  c  to  f  the  power  of  the  engine  was  increased  by  putting  on 
two  water-pumps,  also  driven  by  a  belt. 

Engine. — The  engine.  Fig.  5,  Plate  137,  is  horizontal  tandem 
compound  jet-condensing,  made  by  Messrs.  Bryan  Donkin  and  Co., 
and  has  cylinders  12  and  20  inches  diameter  and  27  inches  stroke. 
The  high-pressure  cylinder  is  fitted  with  Meyer  expansion-valves, 
adjustable  by  hand  whilst  running.  In  ordinary  working  a  ball 
governor  controls  the  steam  throttle-valve ;  but  this  was  disconnected 
during  the  trials,  the  steam  being  regulated  by  hand  with  the 
expansion.  The  cylinder  walls  are  7-8tlis  inch  thick,  and  are 
clothed  with  hair-felt  and  mahogany  lagging.  The  bodies  of  both 
cylinders  are  steam-jacketed,  as  well  as  the  front  cover  of  the  high- 
pressure  and  back  cover  of  the  lou'-pressurc  cylinder.  The  steam 
from  the  boiler  enters  the  low-pressure  body-jacket,  and  after 
circulating  round  it  passes  through  the  high-pressure  body-jacket, 
and  thence  to  the  valve-chest.  The  vertical  cover-jackets  receive 
their  steam  from  the  top,  and  drain  into  the  body-jackets  through 
holes  at  the  bottom. 

3  0 
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Tlie  details  of  the  clearance  surfaces  are  given  in  the  following 
table,  from  whicli  it  will  be  seen  that  27  per  cent,  of  the  total 
internal  surface  touched  by  steam  at  admission  before  the  piston 
moves  is  jacketed,  and  65  per  cent,  of  that  at  release.  The  actual 
clearance  between  the  pistons  and  covers  is  3-8ths  inch  in  each 
case.  The  engine  is  fitted  with  a  jet  condenser,  so  that  the  feed- 
water  could  be  measured  only  before  being  pumped  into  the  boiler. 


Clearance  Surface  only. 
Piston  at  beginning  of  stroke. 

Area  of  inner  surface 

exposed  to  steam 

at  Admission. 

1 

Jacketed. 

Unjacketed.  ! 

Total. 

(    including    )          . 
main-valve  \   ^q- leet 
High-               passage      (Percent, 
pressure     < 
cylinder           excluding               . 

/    mam-valve      „pL  ._. 
L      passage      )  P"""^  *^^°^- 

Low-pressure  cylinder         {  ^^^  ^^^^ 

1-5 

24-2 

1-5 

26-8 

2-5 
27-2 

4-7 
75-8 

4-1 
73-2 

6-7 
72-8 

6-2 
100-0 

5-6 
100-0 

9-2 
100  0 

Clearance  and  Cylinder  Surfaces, 

measured  at  95  per  cent,  of  stroke, 

excluding  main-valve  passage. 

Area  of  inner  surface 

exposed  to  steam 

at  Release. 

Jacketed. 

Unjacketed. 

Total. 

High-pressure  cyHnder     .  |  ^^j.  ^^^^ 
Low-pressure  cylinder      .   ■[  p'^j.  ^g^^. 

8-0                 4-4 
64-5               35o 

13-1                 7-0 
65-2       ;         34-8 

12-4 
100-0 

20-1 
100-0 

Total  Internal  Surface 
of  Keceiver. 

Area  of  whole  inner  surface 
continually  exposed  to  steam. 

Jacketed. 

Unjacketed. 

Total. 

From  high-p.  exhaust  valve "1         fpp+ 
to  low-p.  admission  valve  J     ^' 

0 

10-2 

10-2 
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The  volume  of  the  receiver,  from  the  exhaust  valve  of  the  high- 
pressure  to  the  admission  valve  of  the  low-pressure  cylinder,  is 
0*47  cubic  feet.  And  the  clearance  and  release  volumes  for  the 
two  cylinders  are  as  follows  : — 


Clearance  and  Kelcase  Volumes.           Total 

volume. 

Percentage 
of  piston 
volume. 

Equivalent 

length  of 

stroke. 

High-pressure  cylinder. 

Clearance  volume                            "I 
including  main-valve  passage    / 

Clearance  volume                            "> 
excluding  main-valve  passage   J 

Total  Eelease  volume                     j 
at  95  per  cent,  of  stroke,              > 
excluding  main-valve  passage    ) 

Cubic  feet.        Per  cent. 
0-185               10-57 
0-164       i          9-37 

1-827             104-35 

! 

Inches. 
2-85 
2-53 

28-17 

Low-pressure  cylinder. 

Clearance  volume 

Total  Eelease  volume                     '^ 
at  95  per  cent,  of  stroke  .         .  J 

0-235 
4-846 

4-84 
99-9 

1-31 

20-96 

Boiler. — The  boiler  used  and  tested,  No.  5,  is  one  of  a  row  of  six, 
and  is  of  the  Cornish  single-flue  type,  5  feet  9  inches  diameter  and 
20  feet  long,  with  flue  2  feet  9  inches  diameter  without  cross  water- 
tubes.  The  grate  is  6  feet  long,  so  that  the  grate  area  is  IG'5  square 
feet.  The  total  heating  surface  is  427  square  feet,  or  25*9  times 
the  grate  area.  The  direction  taken  by  the  hot  gases  is  through 
the  flue,  returning  under  bottom,  then  round  the  sides  of  the  boiler 
to  the  chimney.  The  moan  chimney  draft  was  about  0*3  inch 
of  water  throughout  all  tlie  trials.  The  boiler  and  flues  were 
cleaned  a  few  weeks  previous  to  the  trials.  The  steam  was  taken 
from  the  toj)  of  a  small  dome,  the  pipe  being  about  130  feet  long  witli 
twelve  bends  in  it,  fairly  well  covered  with  non-conducting  material. 
The  droji  in  pressure  between  the  boiler  and  the  engine  was  3  •  4  lbs. 

Fuel  and  Water  Measurements. — The  fuel  used  in  all  the  trials 
was  broken  gas    coko,    and    Avas  all  carefully  weighed.     The  fced- 
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water  was  measured  tbrougli  a  Schmidt  water-meter,  the  usual  feed 
pipes  being  disconnected  and  closed  with  blank  flanges,  so  that  the 
water  passing  through  the  meter  could  go  nowhere  but  into  the 
boiler  being  tested.  The  stop  valves  on  the  main  steam-j)ipe  were 
all  shut,  so  that  all  the  steam  generated  by  No.  5  boiler  was  sent  to 
the  engine  being  tested,  any  tendency  to  leak  on  the  part  of  the 
valves  being  counteracted  by  keeping  the  steam  pressure  practically 
the  same  in  the  other  boilers.  Salt  was  put  into  No.  5  boiler  on  the 
mornings  of  trials  a,  b,  C,  and  d ;  and  samples  of  water  taken  from 
the  boiler  and  steam-j)ipe  drain  during  these  four  trials  were  kindly 
analysed  by  Mr.  Charles  J.  Wilson,  F.I.C.  All  the  samples  collected 
showed  less  than  0  •  05  per  cent,  of  priming  ;  no  correction  has  been 
made  for  this  in  the  calculations.  The  water  meter  was  tested 
against  a  standard  100-gallon  tank,  both  before  and  after  the  trials ; 
and  as  the  mean  correction  was  only  0  •  4  per  cent,  too  high,  it  has 
also  been  neglected  in  the  calculations.  In  the  last  two  trials  the 
air-pump  discharge  water  was  measured  over  a  tumbling  bay. 


Details  of  Trials. — Six  trials,  a  to  f,  were  made  in  all,  arranged 
in  three  paii's  with  and  without  jackets,  as  follows.  Five  trials  were 
made  of  eight  hours  each,  and  one  of  nine  hours,  trial  c  being 
prolonged  an  hour  in  order  to  bring  the  water  level  up  to  what  it 
was  at  the  start. 


Trial 

Date 

of 
Trial. 

Jackets 
With  or 

Steam 
Pressure 

Cut-off 
iu 

1 
Load          1 

Letter. 

Witliout 
Steam. 

in  boiler 
above  atm. 

high-pressure 
cylinder. 

on 
Engine. 

:89i. 

lbs.  per  sq.  iu. 

p.c.  of  stroke. 

a 

12  Feb. 

Without  { 

About  50  lbs. 

About  20  p.c. 

("Exhauster 

I     only.              1 

b 

13  Feb. 

With     ) 

c 

21  Feb. 

Without  1 

Exhauster         i 

Do. 

About  40  p.c. 

and                i 
Two  Pumps. 

d 

22  Feb. 

With     j 

e 

21  Mar. 

Without  1 

I 

About  63  lbs. 

About  25  p.c. 

Do. 

' 

22  Jlar. 

With     1 
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The  first  two  trials  were  made  with  stoking  at  intervals  of  three- 
quarters  of  an  hour,  the  fires  being  kept  about  9  to  10  inches  thick. 
That  plan  was  altered  in  the  succeeding  trials,  when  the  stoking  was 
done  by  firing  with  less  coke  at  a  time,  and  about  every  quarter  of  an 
hour,  the  fires  being  kept  about  5  to  6  inches  thick.  This  method, 
as  will  be  seen,  gave  better  results. 

Indicator  diagrams  were  taken  with  very  short  pipes  from  the 
front  and  back  ends  of  each  cylinder  every  twenty  minutes  by  four 
indicators  ;  the  steam  pressures,  counter,  and  other  observations  were 
also  noted  three  times  per  hour. 

The  engine  was  indicated  running  emjity,  that  is  with  the  belt 
ofi"  the  fly-wheel ;  and  the  result  showed  4 '45  I.H.P.  at  80  revolutions 
per  minute,  which  is  equivalent  to  a  mechanical  efficiency  of  92  per 
■cent,  at  the  full  load  of  60  I.H.P.  The  engine  was  also  indicated 
when  driving  the  countershaft  only,  all  the  belts  being  on  loose 
jjulleys,  the  result  being  8  •  30  I.H.P.  at  80  revolutions  per  minute. 
A  special  radiation  experiment  of  four  hours'  duration  was  also  made 
^vith  the  engine  not  running,  the  steam  condensed  in  the  jackets  and 
j)ipe  being  at  the  rate  of  34 '  75  lbs.  per  hour.  No  special  separator 
was  j)rovided  on  the  steam  jiipe,  but  a  small  drain  jnpe  screwed  into 
the  bottom  of  the  main  gave  4  to  5  lbs.  of  water  per  hour.  As  this 
was  thought  too  small  a  quantity  for  the  length  of  pipe,  a  special 
radiation  test  was  made  on  the  steam  pipe,  when  18  ■  5  lbs.  of  steam 
per  hour  was  found  to  be  condensed  by  radiation  from  this  pipe. 
This  has  been  deducted  from  the  gross  feed-water,  to  get  the  net 
-steam  consumed  by  the  engine. 

Engine  Heat  Balance-Sheet,  Trials  e  and  f. — In  trials  e  and  f 
the  water  from  the  air-pump  discharge  was  measured  by  causing  it 
to  flow  over  a  tumbling  bay  3 '005  inches  wide,  the  mean  height  of 
water  over  this  bay  being  3-256  inches  in  trial  e,  and  3*157  inches 
in  f.  The  method  of  making  this  measurement  was  fully  described 
and  illustrated  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers,  vol.  Ixvi,  page  286,  and  Plate  8,  Figs.  5-7.  From  these 
observations  the  quantity  of  condensing  water  has  been  obtained  by 
deducting  the  amount  of  steam  passing  through  the  cylinders  from 
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tlie  total  air-j)uiQp  discliarge  water ;  and  from  tlie  condensing  water 
and  its  mean  rise  in  temperature,  wkicli  was  also  measured,  the 
saving  due  to  the  use  of  the  jackets  for  the  two  trials,  as  determined 
by  the  heat  rejected  per  I.H.P.  per  minute,  has  been  calculated, 
and  an  engine  heat  balance-sheet  drawn  up.  The  relative  quantities 
of  heat  rejected  in  the  condensing  water  of  the  air-pump  discharge 
for  the  two  trials  were  as  follows : — 


Trial  letter 

e 

f 

Jackets,  With  or  Without  steam 

"Without 

With 

Air-pumi)  discliarge  water  per  minute     . 

.     lbs. 

439-0 

419-2 

Steam  passing  through  cylinders  pei  minute 

.     lbs. 

19-6 

17-8 

Condensing  water  per  minute  (by  difference) 

.     lbs. 

419-4 

401-4 

Mean  rise  in  temperature 

.  Fahr. 

44-01° 

45-56° 

Heat  rejected  in  condensing  water 
per  I.H.P.  per  minute 

Th.  U. 

333-2 

291-0 

Percentage  less  heat  rejected 

with  steam  in  jackets       .          .          •      P 

3r  cent. 

12-7 

This  gives  a  result  almost  identical  with  that  obtained  from  the 
method  of  comparison  adopted  by  Mr.  Donkin  in  former  trials,  in 
which  the  heat  rejected  is  taken  as  being  approximately  that  which 
would  be  required  to  raise  the  whole  of  the  aii--pump  discharge  water 
from  the  temperature  of  injection  to  that  of  the  hot-well  (Proceedings 
Inst.  C.E.,  vol.  Ixx,  page  315,  and  "  Engineering,"  vol.  46,  1888, 
j)age  566).  This  quantity  of  heat,  which  is  known  as  "  Donkin's 
coefficient,"  works  out  at  348 '7  thermal  units  in  trial  e  without 
jackets,  and  303  "8  in  f  with  jackets,  or  a  saving  of  12-9  percent, 
with  steam  in  jackets. 

In  the  following  engine  heat  balance-sheet  all  the  quantities  are 
reckoned  in  thermal  units  per  stroke  above  32°  Fahr. ;  and  the  heat 
lost  by  radiation  from  the  main  steam-pipe  is  deducted  from  the 
gross  heat  passing  from  the  boiler,  to  get  the  net  heat  sujiplied  to  the 
engine.  The  percentages  given  in  the  table  are  in  terms  of  the 
gross  heat  passing  from  the  boiler. 
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Trial  letter         .... 

e 

r          1 

Jackets,  With  or  Without  steam  . 

Without 

With 

Heat  in  Tliermal  Units  per  stroJce 

Th.  U. 

Per  cent. 

Th.  U. 

Per  cent. 

In  steam  passing  from  boiler 

146-8 

100-0 

151-3 

100-0 

Lost  by  steam-pipe  radiation 

2-3 

1-6 

2-3 

1-5 

Total  passing  to  engine 

144-5 

98-4 

149-0 

98-5 

Turned  into  work 

14-9 

10-1 

16-8 

11-1 

Rejected  in  condensing  water 

115-8 

78-9 

114-5 

75-7 

„        ,,  condensed  steam 

8-3 

5-6 

7-3 

4-8 

„        „  jacket  water     . 

4-3 

2-8 

Lost  by  engine  radiation     . 

1-0 

0-7 

0-9 

0-6 

Unaccounted  for  (by  diff.)  . 

4-5 

31 

5-2 

3-5 

Total  passing  from  engine  . 

144-5 

98-4 

149  0 

98-5 

JResults  and  Comparisons. — The  results  and  conditions  of  the  six 
trials  are  given  in  detail  in  Table  61,  pages  588-91.  It  will  be 
observed  from  lines  50  and  51,  page  591,  that,  with  the  exception  of  the 
high-pressure  cylinder  in  trials  c  and  d,  in  each  of  the  three  pairs  of 
trials  the  steam  at  release  in  both  cylinders  is  much  drier  in  the 
jacketed  than  in  the  corresponding  unjacketed  trial.  In  the  low- 
pressure  cylinder,  trial  e,  without  jackets,  the  dryness  fraction  at 
release  is  only  72 '8  per  cent.,  as  compared  with  91*2  per  cent,  in  f 
the  corresponding  jacketed  trial,  or  an  increase  of  25  •  3  jier  cent. 

The  sets  of  indicator  diagrams  nearest  to  the  mean  for  trials  e 
and  f,  with  full  load  and  increased  boiler-pressure,  are  shown  in 
Plate  145  ;  and  the  same  sets  of  diagrams,  expanded  lengthwise  in  the 
ratio  of  their  piston  volumes,  and  combined,  are  shown  in  Plate  146. 
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ABSTEACTS  OF  FOUE  EXPEEIMENTS,  Nos.  62-65, 
PUBLISHED  ELSEWHEEE. 


No.  62. — Record  of  eight  Trials  on  same  Engine 
iciili  different  conditions  of  JacJcefing. 

Compound  Condensing  Horizontal  Engine,  witli  Corliss  valves 
placed  at  the  underside  of  eaclx  cylinder.  Cylinders  25  •  98  and 
45*27  inches  diameter,  and  53*15  inches  stroke.  The  bodies  of 
both  cylinders  and  the  intermediate  receiver  were  jacketed.  The 
cylinder  ends  were  not  jacketed.  The  receiver  was  tubular,  and  had 
its  jacket  steam  all  round  the  tubes.  The  jackets  were  supplied 
with  steam  by  separate  pipes,  and  were  provided  with  air-cocks  at 
their  highest  points,  so  that  any  air  accumulating  in  them  could  be 
allowed  to  escape  when  desired.  Trials  made  at  Loos,  near  Lille, 
France,  about  1892,  by  Professor  M.  A.  Witz.  (Societe  Industrielle 
du  Nord  de  la  France,  1892.) 

The  following  table  shows  the  number  of  jackets  *in  use  and  the 
conditions  under  which  each  trial  was  made ;  and  the  principal 
results  of  the  trials  are  given  in  Table  62  on  next  page.  The  two 
best  results  were  obtained  in  trials  3  and  4,  with  the  two  cylinder- 
jackets  in  use  but  not  the  receiver  jacket ;  and  trial  7,  with  steam 
in  the  receiver  jacket  only,  gave  a  higher  consumption  than  trial  8, 
without  steam  in  any  of  the  jackets. 


No.  of 
Trial. 

Jackets  in  use. 

Conditions  of  Trial. 

1 

2 
3 
i 
5 
6 
7 
8 

Higli-p.,  low-p.,  and  receiver     ■! 

Do.                                1 
High-press,  and  low-press.       .   < 

Do.                               I 
High-pressure  and  receiver     .   ] 

Do.                                { 
Ecceiver  alone  jacketed  . 
Without  steam  in  jackets 

Jacket    air- valves     kept    closed 

throughout  trial. 
Air  allowed  to  escape  periodically 

from  jackets. 
Receiver    surrounded    by    hemp 

coiling. 
Receiver     encased     and     better 

protected. 
Jacket     air-valves     kept     closed 

throughout  trial. 
Air  allowed  to  escape  periodically 

from  jackets. 

Oct.  1894. 


VALUE    OF    STEAM-JACKET. 


593 


^ 


t^ 


O 

e 


•S    ?=? 


^ 


5^1, 

s- 

*^ 

1=^ 

o 

,.i^ 

Oi 

^ 

^ 

^ 

Rh 

K  ;s-  ^^ 


^ 


Ci 

CO 

eo 

c;  o  c» 

CO 

rH         .-H  »  l> 

CO 

5? 

CC  -t<  r-H 

a 

lO  O  CO  -J<  S<1 

:   :«s<    : 

1  "i 

C»  OO 

CO   CO   C<1   rH   -*1 

r-i 

O  CO  S<1  LO 

Oi 

C5 

O        CO   o 

(N  (N  X 

o 

O         C5  r-l  O 

CO  rH  t-    ji^ 

t> 

CM          ^J 

^ 

CO  -tl  i-H 

C-. 

UO   r-(   rH    t-   O 

r-1  C5  Tt<  O 

CO  00 

CO  00  c;  o  -+< 

O  C<l  C<l  o 

.-1 
1 

<M 

CO 

1^44 

4^41 
p.c. 

p4 

CO  o  o 

CO 

O         C5  ■*!  CO 

O        1 

<M         cy 

m 

C5  l-O  r^ 

C5         -H  O  CO  C'l  O     1 

'~* 

7" 

CO  c» 

rl          O  l~  CI  -t<  CO 

i-^^'a 

JlJ 

LO  CM  C<l  O 

r-( 

-th         C^ 

C5         -H    j; 
COCO  -f<    2 

■h 

CO  CO  o 
cc  -^  ^ 

CO         CO         LO  O  O 
O     1    -^-H-^.^  O 

',_, 

cc  a; 

rt          O  l>  00  i.O  CO 

r-(»0 

I— 1 

lO  (M  C<1  O 

rH 

-H            O 

CO           'H     ^ 
C-  CO  00    '^ 

■h4 

OJ  CO  o 

t-         O         -H  C^-H 

^ 

23    'y 

tn 

c;  i-o  d 

C5         -+i  fM  t^  t^  LO 

O  O  CO  ,_ 

y  , 

00  00 

rl          »  I-  CD  CO  -n 

1— 1 

lOCO  (M  O 

lO 

t^         C5 

rH           CO     ci 

C-  CO  lO   2^ 

CO        1 

m 

CO  oco 

C2  O  0^1 

o      CO      lo  i-i  CO 

O         -+l  O  CO  Ci  N 

CO  as 

<M 

CO  l^ CO  i.O 

M 

l-O  CO  CM  O 

I- 

« 

t> 

o 

•    •    •    &I 

C5  C3  S^l 

c;  lo  iq 

•-0           rH  -<I  CO 
■^  (M  1^  CO  O 

"    1-1 

<»  30 

CO  l^  I-  -o  -T< 

O  CM  (M  O 

eo 

W 

p^ 

.n 

r^ 

C«       lO   ,^ 

(M  CO  CO 

IM 

O          rH  C-l  CO 

l.O  10  0=^ 

=^    -« 

00 

Ci  lO  1-H 

O     1    -*  OJ  O  CO  — 1 

rl  O  r|H    '"' 

"^    t-i 

^ 

CO  Xi 

rl      1    ;0  I-  I-  '.O  CO 

rH  r-(  lO 

1           O  (M  !M  O 

M 

1 

° 

•  •  • 

• 

»  9  ?;  dn'  p.^ 

oj    O   ai  ^ 

hoi 
re  cyl., 
eceiver) 

a 
o 

^h-i  h-i  I-H 

■  a 

r,  total,  1 
-water,  ■ 
total     1 
iu  jack 

V     Si 

•lll 

£h 

vc  atmosphere    . 
high-p.  cyl.,  abo^ 
absolute 

hou 
feed 
our, 
cam 

[3 
H 

6 

Duration  of  Trial 
Jackets  iu  use  (H=high-pi 
L  =  low-pressure  cyl.,  R 

I       f 

to  s; 

P  s 

?   to 
p  £ 

ler  minute 

feet  per  miuu 

rse  p.  in  high 

in  low-i 

mean  to 

per  I.H.P.  per 
in  p.c.  of  total 
cr  I.H.P.  per  h 

c.  less  with  si 

1 

Iu  boiler,  abo 
Admission  in 
In  condenser. 

"^  o 
a  ■" 

Revolutions 
Piston  speed, 
Indicated  Ho 

Jacket-water 
Feed-water  p 

594 


VALUE    OF    STEAM-JACKET. 


Oct.  1894. 


No.  63. — Record  of  three  Trials  on  same  Engine, 
WITH  and  WITHOUT  Steam  in  Jadcets. 

Triple- Expansion  Condensing  Experimental  Engine.  Cylinders 
8*99,  16-01,  and  24-06  inches  diameter,  all  30  inches  stroke.  The 
bodies  and  ends  of  the  three  cylinders  were  jacketed,  also  both 
receivers.  The  jackets  were  supplied  with  steam  by  separate  pipes, 
and  the  water  from  the  several  jackets  was  measured  in  graduated 
vessels.  Trials  made  at  Massachusetts  Institute  of  Technology 
from  February  to  May  1892,  and  reported  on  by  Messrs. 
C.  H.  Peabody  and  E.  F.  Miller  (American  Society  of  Mechanical 
Engineers,  vol.  xiv,  1893). 

Forty-two  trials  were  made  under  different  conditions  of 
jacketing  &c.,  and  are  recorded  in  the  paj)er.  The  boiler  pressure 
varied  from  143*2  to  147*2  lbs.  per  square  inch  above  the 
atmosphere,  the  speed  from  83*32  to  93*15  revolutions  per  minute, 
the  indicated  horse-power  from  67  *  45  to  154  *  2,  and  the  feed-water 
consumption  from  13-74  to  16*25  lbs.  per  I.H.P.  per  hour.  The 
three  trials  summarised  below  were  made  with  as  nearly  as  possible 
the  same  number  of  expansions.  The  first  of  these,  No.  17,  was 
made  without  steam  in  any  of  the  eleven  jackets ;  the  second.  No.  4, 
with  steam  in  the  jackets  of  the  three  cylinders  only,  that  is  in  nine 
jackets,  three  bodies  and  six  ends  ;  and  the  third,  No.  14,  with  steam 
in  all  eleven  jackets.  The  boilers' primed  to  the  extent  of  1*1  per 
cent,  throughout  the  whole  of  the  trials. 


T    1    +    •                                                               f        No 
Jackets  muse j^^j.^^^ 

Cylinder 

Jackets 

only 

All 
Jackets 

Duration  of  Trial        .          .          .             hour 

Boiler  Pressure,  lbs.  per  sq.  in.  above  atm.  lbs. 

Number  of  Expansions         .... 

Ecvolutions  per  minute        .          .          .  revs. 

Piston  Speed,  feet  per  minute       .          .    feet 

Dryness  Fraction            j  high-p.  cyl.  per  cent. 

1        in  cylinder               <  inter.       ,,    per  cent. 

at  release                    (low-p.      ,,     percent. 

Results.     Indicated  Horse-power  .          I.H.P. 

Jacket  Water,  per  I.H.P.  i^er  hour     .     lbs. 

„           „      in  p.c.  of  feed-water    .     p.c. 

Feed- Water,  per  I.H.P.  per  hour        .     lbs. 

„           p.c.  less  with  steam  in  jackets 

1 

146-8 
23-8 
88-95 

445 
89-5 
85-3 
62-4 
89-3 

15-81 

1 

146-7 
22-7 
91-55 

458 
94-3 
94-6 
92-1 

123-9 
2-40 
17-5 
13-74 
13-lp.c. 

1 

145-5 

23-4 

92-17 

461 

90-7 

97-9 

93-8 

125-9 

2-95 
20-8 
1414 
10 -6  p.c. 
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No.  64. — Becord  of  four  Trials  on  same  Engine  : 
two  with  SUPERHEATED  steam,  WITH  and  WITHOUT  jacJcets  ; 
and  two  with  SATURATED  steam,  WITH  and  WITHOUT  jackets. 

Compound  Condensing  Woolf  Beam-Engine. — Cylinders  20*47 
and  35-04  inches  diameter,  49*21  and  72*05  inches  stroke. 
Experiments  made  in  1892  by  M.  Walther  Meunier  for  the 
Association  Alsacienne  des  Proprietaires  d'Appareils  a  Vapeur. 
(Societe  Industrielle  de  Mulhouse,  vol.  Ixiii,  1893.) 


.Two  trials  with  whole  steam  supply  SUPERHEATED. 

Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  Trial      .....  hours 

11-70 

10-30 

Boiler  Pressure,  lbs.  per  sq.  inch  above  atm.    lbs. 

87-6 

89-2 

Revolutions  per  minute     ....  revs. 

31-71 

31*78 

Piston  Speed,  feet  per  minute    .          .          .     feet 

260  &  381 

261  &  382 

Besults.     Indicated  Horso-power         .          I.H.P. 

255-8 

292-0 

Feed-Water,  lbs.  per  I.H.P.  per  hour       .     lbs. 

17-01 

15-40 

„               jjerccntage  less  with  superheated 

steam  in  jackets 

9-5  p.c. 

Two  trials  with  whole  steam  supply  S 

ATURATED 

Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  Trial      .....  hours 

11-88 

11-70 

Boiler  Pressure,  lbs.  per  sq.  inch  above  atm.   lbs. 

90-2 

89-6 

Revolutions  per  minute     ....  revs. 

31-69 

31-64 

Piston  Speed,  feet  jier  minute    .         .         .     feet 

260  &  380 

259  &  380 

Remits.     Indicated  horso-power          .          I.H.P. 

280-3 

287-4 

Feed-Water,  lbs.  per  I.H.P.  per  hour       .     lbs. 

'     19-85 

18-22 

,,            perccntajjje    less    with    saturated 

steam  in  jackets 

8-2  p.c. 
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No.  65. — Record  of  eigJit  Trials  on  same  Engine, 
WITH  and  WITHOUT  Steam  in  Jackets  and  Beceiver-tuhes. 

Triple-Expansion  Condensing  Horizontal  Pumping  Engine, 
witli  Corliss  valves,  having  an  arrangement  for  adjusting  the  cut-off 
by  hand.  Cylinders  24  •  125,  34  •  0,  and  54  •  0  inches  diameter ;  35  •  88, 
36*0,  and  35  "81  inches  stroke.  All  the  cylinders  were  jacketed,  the 
jackets  partly  covering  the  cylinder  ends.  There  were  two  receivers, 
each  containing  a  nest  of  reheating  tubes,  one  nest  communicating 
with  the  intermediate  and  the  other  with  the  low-pressure  jacket. 
The  cylinders  and  reheaters  were  all  protected  with  non-conducting- 
cement.  Experiments  made  at  Laketon,  Indiana,  U.S.A.,  in  March 
and  April  1893,  by  Mr.  J.  E.  Denton  (American  Society  of 
Mechanical  Engineers,  vol.  xiv,  1893).  The  following  table  shows 
the  jackets  in  use,  and  the  percentage  of  cut-off  in  the  three  cylinders 
for  each  of  the  eight  trials.  The  chief  results  are  summarised  in- 
Table  65  on  next  page.  The  moisture  in  the  steam,  as  determined 
by  a  superheating  calorimeter,  was  found  to  average  2  •  5  per  cent. 


Cut-off  in  cylinders. 

Percentage  of  stroke. 

No. 
of 

Jackets  iu  use. 

Trial. 

In 

In 

In 

High-p. 

Inter. 

Low-p. 

cylinder. 

cylinder,      cylinder. 

No. 

per  cent. 

per  cent. 

per  cent. 

1 

B-ipih,  Intermediate,  and  Low 

22-8 

40-4 

46-8 

2 

Do.                  .         . 

20-9 

41-3 

46-8 

3 

Do. 

23-3 

40-1 

47-0 

4 

Do. 

36-1 

39-1 

44-3 

5 

Without  steam  iu  jackets     . 

310 

39-6 

44-6 

6 

Intermediate  and  Low 

22-6 

42-7 

52-0 

7 

High,  Intermediate,  and  Low 

21-5 

43-4 

53-2 

8 

Intermediate  and  Low 

21-6 

42-7 

39-4 
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MEMOIRS. 

Thomas  Stuart  Kennedy  was  boru  in  1844  at  Feldkircli  in  tlie 
Tyrol,  where  his  father  had  cotton  mills,  being  one  of  the  first 
Englishmen  who  availed  themselves  of  cheaj)  foreign  labour  and 
water  power.  In  1861  he  entered  as  an  apprentice  the  Wellington 
Foundry  of  his  uncle,  the  late  Sir  Peter  Fairbairn  at  Leeds  ;  and  on 
his  uncle's  death  soon  afterwards  he  joined  his  cousin  Sir  Andi'ew 
Fairbairn  and  Mr.  Naylor  in  the  firm  of  Fairbairn,  Kennedy,  and 
^N^aylor,  by  whom  the  works  were  thenceforth  carried  on.  On  his 
father's  death  a  few  years  later  he  retired  from  the  firm,  while  yet  a 
young  man,  and  devoted  much  of  his  time  to  outdoor  pursuits  and 
field  sports,  retaining  however  his  interest  in  mechanics.  Being  a 
good  mathematician,  he  strove  to  introduce  the  higher  mathematics 
into  workshops  and  drawing  office,  whereby  great  economy  was 
eff"ected.  He  was  an  excellent  worker  in  metals,  and  invented 
several  chucks  of  much  utility.  Among  his  many  devices  was  a 
simple  method  of  taking  up  wear  in  the  boss  of  a  spherical  lathe- 
rest  ;  and  he  materially  assisted  in  improving  the  design  of  an 
ornamental  lathe.  His  death  which  was  due  to  cardiac  disease  took 
place  at  his  residence  at  Wetherby  on  17th  November  1894,  at  the 
age  of  fifty.     He  became  a  Member  of  this  lustitution  in  1868. 

William  Henry  Prosseh  was  born  in  Birmingham  on  28th 
October  1843,  being  the  third  son  of  Eichard  Prosser  of  Birmingham, 
Avho  was  an  engineer  and  the  inventor  of  several  imj)rovemeuts  in 
machinery  for  welding  tubes,  of  the  steam-hydraulic  press,  and  of 
the  dust  process  for  making  tiles.  He  served  his  apprenticeship 
to  Mr.  Walter  May  at  the  Suffolk  Works,  Birmingham,  and  at  the 
same  time  was  a  student  at  the  Midland  Institute  evening  classes. 
On  the  termination  of  his  apprenticeship  in  1864  he  went  to  London, 
and  entered  the  service  of  Messrs.  Brown  and  Harfield.     He  took  a 
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considerable  part  in  working  out  the  various  improvements  in  ships 
capstans,  windlasses,  and  steering  gear,  with  which  Messrs.  Harfields' 
name  has  long  been  associated.  From  1886  to  1893  he  had  charge 
of  the  firm's  works  at  Blaydon-on-Tyne  ;  but  returned  to  London  in 
the  latter  part  of  1893  in  an  enfeebled  state  of  health,  and  his  death 
took  place  there  on  21st  February  1894,  at  the  age  of  fifty.  He 
became  a  Member  of  this  Institution  in  1874. 

Ambrose  Shardlow  was  born  at  Burton-on-Trent  on  5th  February 
1842.  After  being  educated  at  Standard  Hill  Academy.  Nottingham, 
he  served  his  apprenticeship  with  Messrs.  J.  Oakes  and  Co.,  at  the 
Alfreton  Iron  Works,  Somercotes.  He  was  next  employed  in  the 
Midland  Eailway  locomotive  department  at  Derby ;  and  afterwards 
in  the  engineering  works  of  Messrs.  Fletcher  and  Co.,  Derby.  In 
1867  he  entered  the  service  of  Messrs.  Manlove  and  Co.  of 
Xottingham,  who  entrusted  him  with  important  work  in  various 
parts  of  the  country,  whereby  he  gained  a  wide  experience  which 
afterwards  proved  of  much  value.  In  1870  he  commenced  business 
as  an  engineei'  in  Sheffield,  where  he  soon  gained  a  name  for  quality 
of  work.  His  chief  invention  was  a  file-cutting  machine,  and  his 
latest  a  machine  for  punching  rasps.  His  death  took  place  at 
Sheffield  on  29th  October  1894,  at  the  age  of  fifty-two.  He  became 
a  Member  of  this  Institution  in  1890. 
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Adamson,  J.,  Keraaiks    on  Electric  Lighting  Works,   311  : — on  Boiler-Shell 

Drilling  Machines,  517. 
Adamson  akd  Co.,  Joseph,  Boiler  Works,  Hyde,  432. 
Alliott,  J.  B.,  Kemarks  on  Manchester  Drainage  Works,  399. 
Anderson,  T.  S.,  elected  Associate  Member,  29i. 

Abjiitage  and  Sons,  Sir  Elkanah,  Pendleton  New  Mills,  Manchester,  413. 
Akmour,  J.  G.,  elected  Member,  293. 
Abmstrong,  W.  H.,  elected  Associate  Member,  470. 
Aknot,  W.,  elected  Member,  293. 

AsHTON  AND  Co.,  F.  W.,  Newton  Bank  Print  Works,  Hyde,  435. 
Ashton  Brothers  and  Co.,  Carr  Field  Mills,  Hyde,  435. 
AsHWORTH  and  Sons,  Adam,  Felt  Hat  Manufactory,  Bury,  406,  447. 
Aspinall,  J.   A.   F.,   Kemarks   on  Electric    Welding,    345 :— on    Canal-Boat 

Propellers,  369. 
AuTOMN  Meeting,  Business,  469. 
AvELiNE,  W.  R.,  elected  Associate  Member,  470. 

Bailey,  Sir  W.  H.,  Mayor  of  Salford,  Welcome  to  Members  at  Summer  Meeting, 
Manchester,  291. 

Baldwin,  A.  H.,  elected  Member,  293. 

Barcroft,  H.,  Paper  on  Twin  Screw-Propellers  with  Adjustable  Immersion, 
fitted  on  Canal  Boats,  360.— Eemarks  on  ditto,  377. 

Barr,  J.,  Eemarks  on  Electric  Lighting  Works,  312. 

Beeley,  T.,  Eemarks  on  Boiler-Shell  Drilling  Machines,  522. 

Bennett,  J.  W.,  elected  Member,  469. 

Beyer,  Peacock  and  Co.,  Gorton  Foundry,  Manchester,  427. 

Boiler  Firing,  Mechanical,  at  Peel  Mills,  Bury,  446. 

Boiler-Shell  Drilling-Machines,  Paper  on  Drilling  Machines  for  Cylindrical 
Boiler  Shells,  by  S.  Dixon,  506.— Origin  of  drilling  of  boiler  plates,  506. — 
Growth  of  drilling;  early  machine  with  multiple  fixed  drills,  507. — 
Suspended  boiler-shell   drilled   on   opposite   sides,  508. — Sliding   drill- 
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standards,  509. — Sliding  drills  on  fixed  standards,  510. — Tall  standard  for 
two  tiers  of  drills;  drilling  radial  holes  side  by  side,  511. — Multiple 
drilling  machine,  513. — Sjieed  of  drills  and  rate  of  feed,  514.— Modified 
machines  for  drilling  special  work,  515. 

Discussion. — Dixon,  S.,  Feed-motion  of  drills,  516;  drilling  shells  of 
locomotive  boilers,  517. — Adamson,  J.,  Origin  of  drilling  rivet  holes,  517 ; 
steel-boilers ;  multiple  drilling  machine,  518  ;  time  of  changing  work  on 
machine,  519. — Hulse,  J.  W.,  Drilling  boiler  shells  placed  liorizontally, 
520 ;  plural  drilling  machine  for  locomotive  boilers,  521 ;  multiple  drilling 
machine  for  marine  boilers,  522. — Beeley,  T.,  Early  objections  to  multiple 
drilling,  522 ;  multiple  and  single  drilling,  523 ;  need  of  rigid  resistance 
to  drill  against,  524  ;  difierent  speeds  of  drill  and  rates  of  feed ;  twist- 
drill,  525 ;  material  of  boiler  plates,  526. — Dolby,  E.  E.,  Over-running  of 
drill  in  quick  return,  527. — Head,  J.,  Past  and  present  boiler-making, 
527 ;  alloy  of  aluminium  and  copper  for  under-frames  of  railway  vehicles ; 
open-hearth  basic  steel  for  boiler  plates  and  ship  plates,  529. — Robinson, 
L.  S.,  Drilling  holes  for  tubes  in  tubulous  boilers,  530. — Dixon,  S.,  Rigitl 
support  for  boiler  shell  against  drills,  530  ;  horizontal  and  vertical  drilling, 
531 ;  locomotive-boiler  drilling-machine ;  reversal  of  drills ;  necessity  for 
rigidity  in  drilling-machines,  532 ;  gauge  for  advance  and  return  of  drills ; 
drilling  locomotive  tube-plates,  533. — Kennedy,  A.  B.  W.,  Contrast  of 
former  boiler-making  and  present  manufacture,  533. 

Boiler  Works  in  Manchester  and  district,  432,  439,  455. 

Bramwell,  Sir  F.,  Bart.,  Remarks  on  Watch  Screws,  493. 

Bridgewater  Foundry,  Patricroft,  436. 

Britannia  Works,  Manchester,  420. 

Britten,  T.,  elected  Graduate,  470. 

BucKXEY,  T.,  Remarks  on  Watch  Screws,  487. 

Burke,  M.  J.,  elected  Member,  469. 

BuTTERWORTH,  J.,  elected  Member,  293. 

Calico  Printing  Works,  Mancliester,  402. 

Canal-Boat  Propellers,  Paper  on  Twin  Screw-Propollcrs  with  Adjustable 
Immersion,  fitted  on  Canal  Boats,  Ijy  II.  Barcroft,  360.— Canal-boat 
propulsion ;  conditions  essential,  360. — Description  of  boats  with  twin 
screw-propellers  fitted  in  sliding  frames  at  stem,  361. — Dimensions  of 
propellers,  362.— Crew,  363. — Adjustable  immersion  of  propellers,  363. — 
Performances,  consumption  of  coal,  and  cost,  364. — Macliinery ;  driving  by 
petroleum  engine,  365. — Electricity  for  conveying  power,  366. 

Discussion.- Kennedy,  A.  B.  W.,  AVorking  of  steam  ligliter,  3G6. — 
Wicksteed,  .1.  H.,  Skew  gearing,  367. — Longridge,  C.  C,  A<lju8table 
immersion,    368. — Robinson,    L.    S.,   Size    of   propellers,   368;     uso    of 
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electricity,  369. — Aspiaall,  J.  A.  F.,  Thrust  of  propellers ;  electric  working 
by  overhead  wires,  369.  —  Parker,  T.,  Electricity  for  working  canal 
boats,  369. — Piatt,  J.,  Partly  immersed  propellers  replaced  by  stern 
wheel,  370. — Hopkinson,  Dr.  E.,  Overhead  wires  for  working  canal 
barges  by  electricity,  371. — Head,  J.,  Skew  wheels  for  transmitting  power, 
372. — Cochrane,  C,  Petroleum  engine  for  canal  barges;  low  speed  of 
barges,  373. — Dobson,  B.  A.,  Worm  gearing,  373 ;  large  propellers,  slow 
speed,  and  less  wash,  374. — Tweddell,  K.  H.,  Cylindrical  casing  round 
propeller,  374. — Paul,  M.,  Jun.,  Steering  with  partially  submerged 
propellers,  375. — Riches,  T.  H.,  Fine  pitch  for  avoiding  wash,  375. — 
Cawley,  G.,  Low  speed  on  canals,  376. — Eichmond,  AV.  F.,  Injury  to 
propellers  from  lock  gates,  376. — Eogers,  H.  J.,  Screw  propellers  without 
blades,  377. — Spence,  A.  W.,  Damage  to  canal  banks  from  wash,  377. — 
Olive,  W.  T.,  Adjustment  of  immersion  of  propellers,  377. — Barcroft,  H., 
Skew  wheels ;  dead-wood  sponson  for  thrust,  377 ;  efficiency  of  partially 
immersed  propellers  ;  performance  of  steamer  "  Newry  " ;  time  spent  in 
locking,  378 ;  advantage  of  large  blades  for  propellers ;  slip  of  screw ; 
propellers  adjusted  for  change  in  load  line,  379. — Kennedy,  A.  B.  \V., 
Difficulties  in  designing  canal-boat  propellers,  380. 

Cakal  Foundry,  Blackburn,  439. 

Cakal,  Manchester  Ship,  403. 

Carr  Field  Mills,  Hyde,  435. 

Carriage  and  Locomotive  Works,  Gorton,  430. 

Cawley,  G.,  Remarks  on  Canal-boat  Propellers,  376. 

Chaffey,  G.,  elected  Member,  469. 

Churchward,  G.  J.,  elected  Member,  293. 

Clark,  J.  L.,  elected  Associate  Member,  470. 

Clarksox,  C,  elected  Member,  293. 

Clarkson,  T.,  Remarks  on  Electric  Welding,  341. 

Cochrane,  C,  Remarks  on  Electric  Welding,  342 : — on  Canal-Boat  Propellers, 
372. 

Cockerill,  T.,  Remarks  on  Electric  Welding,  335. 

Collis,  a.  E.,  elected  Associate  IMember,  470. 

Compound  and  Non-Compound  Locomotives,  Results  of  trials,  460. 

Conversazione  at  Summer  Meeting,  IManchester,  403. 

Co-opEKATivE  Wholesale  Society,  Manchester,  414. 

Cotton  Mill,  Fine-Spinning,  Bolton,  406,  450. 

Cotton-Spinning  Mills  in  Manchester  and  district,  405,  406,  413,  414,  435,  440, 
445,  450. 

Council,  for  1894,  v.— Retiring  list,  and  nominations  for  1S95,  471. 

Coventry,  T.,  elected  Associate  Member,  470. 

CowLES,  Lt.-Commander  W.  S.,  elected  Associate,  470. 
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Ckaven,  W.  H.  S.,  elected  Member,  469. 

Cbematobium,  Manchester,  438. 

Crewe  Steel  .\nd  Locomotive  Works,  406,  458. 

Crimp,  W.  S.,  Remarks  on  Manchester  Drainage  Works,  398. 

Cross,  J.,  Memoir,  464. 

Dadina,  H.  M.,  elected  Associate  Member,  470. 

Dabbishire,  J.  E.,  Eemarks  ou  Watch  Screws,  490. 

Da  vet,  E.  E.  G.,  elected  Associate  Member,  294. 

Deakin,  B.  W.,  elected  Member,  293. 

Dickinson,  H.,  elected  Associate  Member,  470. 

Dixon,  S.,  Paper  on  Drilling  Machines  for  Cylindrical  Boiler  Shells,  506. — 

Eemarks  on  ditto,  516,  530. 
DoBSON,  B.  A.,  Paper  on  Electric  Welding,  319.— Eemarks  on  ditto,  331,  351, 

358  : — on  Canal-Boat  Propellers,  373. 
DoBSON  AND  Barlow,  Kay  Street  Machine  Works,  Bolton,  406,  451. 
Dolby,  E.  E.,  Eemarks  on  Boiler-Shell  Drilling  Machines,  527. 
DoNKm,  B.,  Eemarks  on  Electric  Lighting  Works,  312 : — on  Watch  Screws,  490. 
Drainage  Works,  Manchester,  381,  406. 
Drilling  Machines  for  Cylindrical  Boiler  Shells,  506.    See  Boiler-Shell  Drilling 

Machines. 
Dunell,  G.  E.,  elected  Member,  293. 
Dunn,  H.  S.,  Eemarks  on  jManchester  Drainage  Works,  399. 

Eastmead,  F.  J.,  elected  Associate  Member,  470. 

Election,  Members,  293,  469. 

Electric-Light  Works,  Manchester,  297,  402  :— Oldham,  405,  440. 

Electric  Lighting  Woi!K.s,  Description  of  the  new  Electric  Lighting  Work.<. 
Manchester,  Paper  by  Dr.  J.  Hoiikinson,  297. — Progress  of  electric 
lighting,  297. — System  of  distribution;  insulation,  298. — Switchboards, 
299.— Engines  and  dynamos,  300.— Boilers,  301.— Work,  302. 

Discussion.  —  Kennedy,  A.  B.  W.,  Fii'st  year's  working,  302.  — 
Higginbottom,  L.,  Eevenue  and  expenditure,  303. — Parker,  T.,  Motor 
generators,  304. — Jenkin,  C.  F.,  Energy  transferred  from  one  circuit  to 
another,  304. — Hopkinson,  C,  Buildings,  304. — Kennedy,  A.  B.  W., 
Foundations  and  water  tank,  305. — Hopkinson,  C.,  Concrete  foundations ; 
water  tank  over  boilers,  305. — Head,  J.,  Triple-expansion  engines  with 
higher  pressure,  306. — Wicksteed,  J.  H.,  Ball  bearings  for  motor 
generators,  300. — Francis,  G.  I.,  Construction  and  application  of  ball 
bearings,  306.— Maw,  W.  H.,  Jockey  pulleys,  308;  link  belts,  309.— 
Wordingham,  C.  H.,  Five-wiro  and  three-wire  systems ;  bare  copper 
mains,  309. — Watkinson,  W.  H.,   Consumption  and  cost  of  coal,  310. — 
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Hopkinson,  Dr.  E.,  Action  of  transformers  or  motor-generators,  310. — 
Kiches,  T.  H.,  Ball  and  roller  bearings,  311. — Parker,  T.,  Ball  bearings, 
311. — Adamson,  J.,  Ejector  condensers,  311. — Barr,  J.,  Economy  in 
condensing,  312. — Donkin,  B.,  Consumption  of  steam,  312. — Hopkinson, 
Dr.  J.,  Efficiency  of  ball  bearings ;  speed  of  motor  generators,  312  ;  water 
tank ;  triple-expansion  engines,  313 ;  jockey  pulleys,  friction  and  links 
of  belts,  314 ;  coal  consumption,  ejector  condensers,  315 ;  steam 
consumption,  316.  —  Kennedy,  A.  B.  W.,  Financial  results,  316; 
arrangement  of  steam  and  exhaust  pipes;  leakage  from  negative 
conductor,  317. — Hopkinson,  Dr.  J.,  Obligation  for  middle  wire  to  be 
earthed,  317. 
Electric  Welding,  Paper  by  B.  A.  Dobsou,  319. — Experience  in  electric 
welding;  mechanical  power  required,  319. — Principle  of  electric  welding, 
320.— Dynamo,  321.  —  Transformer;  Elihu  Thomson  welding  process, 
322. — Good  and  bad  welds;  projection  of  ends  to  be  welded,  323. — 
Method  of  working,  324. — Work  done ;  power  required  for  electric 
welding,  325. — Strength  of  welds,  326. — Conductivity  at  weld  ;  conclusion, 
327. — Tabulated  results  of  experiments :  power  expended  in  electric 
welding,  328-9 ;  bending  tests,  330.— Cost,  331. 

Discussion. — Dobson,  B.A.,  Exhibited  specimens  illustrating  electric 
welding,  331  ;  adaptability  of  process  to  variety  of  purposes,  332. — 
Kennedy,  A.  B.  W.,  Other  plans  of  electric  welding,  333.— Saxon,  A,, 
Power  required  for  piecing  large  bars,  333;  advantage  of  swaging; 
welding  machine  worked  by  hand  power,  334. — Cockerill,  T.,  Chemical 
effect  of  acid  on  section  of  weld ;  measurements  of  current  and  of  power, 
335. — Jenkin,  C.  F.,  Electric  welding  of  boiler  tubes  at  Crewe,  336; 
continuous  recorder  for  ascertaining  power  required,  337. — Worthington, 
E.,  Swaging  of  welds ;  welding  steel  crossings  for  street  railways  in 
America,  337 ;  welding  by  electric  arc,  338. — Webb,  H.,  Electric  welding 
for  continuous  work,  339. — Head,  J.,  Electric  fusion,  339 ;  surfaces  of 
metal  cleaned  by  fluxes ;  filling  up  blow-holes  in  castings,  340  ;  welding 
seams  of  steel  casks,  341. — Clarkson,  T.,  Electric  welding  of  alloys  ; 
automatic  welding  of  copper  wires,  341. — Piatt,  J.,  Electric  welding 
at  Gloucester ;  heating  of  plates  by  electricity  for  flanging,  342. — 
Cochrane,  C,  Mechanical  power  in  proportion  to  area  of  welded  section, 
342. — Tweddell,  R.  H.,  Power  required  for  producing  fusion,  343; 
caulking  by  Benardos  process,  344 ;  electric  welding  instead  of  riveting, 
345. — Aspinall,  J.  A.  F.,  Electric  welding  of  solid  bars  and  tubes  at 
Horwich,  345 ;  machine  adapted  for  straight  work  only ;  blow-holes  filled 
by  electric  welding,  346. — Watkinson,  W.  H.,  Cost  of  machine,  346; 
experiments  by  Dr.  Joule ;  current  required  in  Elihu  Thomson  process, 
347 ;  dynamo  with  large  fly-wheel ;  iron-clad  dynamo,  348. — Hopkinson, 
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Dr.  J.,  Electrical  resistance  in  iron ;  increased  resistance  of  conductors 
with  alternating  current,  349. — Parker,  T.,  Transformer  preferable  to 
large  current  produced  direct ;  welding  or  fusing  of  metals,  350 ;  welding 
of  steel  and  platinum  by  electricity,  351. — Hopkinson,  C,  Eflfect  of  welding 
on  temper  of  hard  steel ;  resistance  at  gap  of  continuity,  351. — Dobson, 
B.  A.,  Size  of  bars  welded  by  electricity,  351 ;  probable  cause  of  diflSculties 
in  electric  welding  at  Crewe,  352 ;  heating  by  electricity ;  welding  or 
fusing ;  welding  of  hoops  and  rings,  353 ;  horse-power  for  welding 
different  sizes  of  work ;  electric  and  hydraulic  riveting,  354 ;  pressure  on 
weld ;  cost  of  welding ;  heating  by  electricity  under  water,  355 ;  temper 
of  steel  destroyed  by  welding ;  resistance  from  break  of  continuity  at  weld, 
356.  —  Kennedy,  A.  B.  AV.,  Electric  welding  process  in  America ; 
advantages  of  electric  welding,  357. — Dobson,  B.  A.,  Heating  by  electricity 
under  water,  358. 

Engineering  Works  in  Manchester  and  district,  405,  406,  416,  418,  419,  420, 
421,  427,  435,  436,  439,  442,  448,  451,  454,  455. 

English,  T.  M.,  elected  Member,  293. 

Ennor,  C.  J.,  elected  Member,  293. 

EwEN,  J.  T.,  elected  Associate  Member,  470. 

Excursions  at  Summer  Meeting,  Manchester,  402. 

Felt  Hat  Manufactories,  Bury,  406,  447. 

Fendiok,  W.,  elected  Associate  Member,  294. 

FiNLATSON,  D.,  elected  Associate  jMember,  470. 

Fire  Brigade,  Manchester,  404,  413. 

Fitz-Gerald,  J.  F.  G.,  elected  Associate  Member,  294. 

Flour-Milling  Machinery  Works,  Thomas  Robinson    and  Son,   Roclidale, 

406,  448. 
Foster,  A.  L.  N.,  Remarks  on  Watch  Screws,  499. 
Fowler,  R.  H.,  elected  Member,  293. 
Francis,  G.  I.,  Remarks  on  Electric  Lighting  Works,  306. 

Galloways,  Knott  Mill  Iron  Works,  Manchester,  416. 

Gas  Works,  Manchester,  402,  408  :— Sal  ford,  423. 

Gatehouse,  T.  E.,  elected  Member,  469. 

Globe  Iron  Works,  Bolton,  406,  455. 

Gorton  Foundry,  Manchester,  427. 

Gorton  Locomotive  Works,  430. 

Greslet  Iron  Works,  Salford,  421. 

Hall,  H.  P.,  elected  Member,  293. 

Hall,  R.  F.,  elected  Associate  Member,  470. 
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Hamer,  W.,  elected  Member,  469. 

Hakdy,  W.,  elected  Associate  Member,  470. 

Harmek,  0.,  elected  Member,  293. 

Harris,  H.  N.,  elected  Associate  Member,  470. 

Hartford  Iron  Works,  Oldham,  405,  442. 

Haswell,  J.,  Kemarks  on  Watch  Screws,  497. 

Hat  Manufactories,  Felt,  406,  447. 

Hawley,  C.  E.,  elected  Associate  Member,  294. 

Haworth  and  Co.,  Kichaid,  Ordsal  Mills,  Salford,  414. 

Head,  J.,  Remarks  on  Electric  Lighting  Works,  306  :— on  Electric  Welding,  339  : 
— on  Canal-Boat  Propellers,  372  :— on  Boiler-Shell  Drilling  Machines,  527. 

Henderson,  A.  J.,  elected  Associate  Member,  470. 

Herman,  B.  R.,  elected  Member,  469. 

Herriot,  W.  S.,  elected  Member,  293. 

Hewitt,  C.  J.,  Paper  on  the  Manufacture  of  Standard  Screws  for  Machine- 
made  Watches,  473. — Remarks  on  ditto,  486,  495,  497,  501. 

Hick,  Hargreaves  and  Co.,  Soho  Iron  Works,  Bolton,  406,  454. 

HiGGiNBOTTOM,  L.,  elected  Member,  293. — Remarks  on  Electric  Lighting 
Works,  303. 

HoLLiNGSwoRTH,  E.  M.,  elected  Graduate,  294. 

HoPKiNSON,  C,  Remarks  on  Electric  Lighting  AVorks,  304,  305  : — on  Electric 
Welding,  351 : — on  Manchester  Drainage  Works,  397. 

HoPKiNSON,  Dr.  E.,  Remarks  on  Electric  Lighting  Works,  310  : — on  Canal-Boat 
Propellers,  371. 

HoPKiNSON,  Dr.  J.,  Taper  on  the  new  Electric  Lighting  Works,  Manchester, 
297.— Remarks  on  ditto,  312,  317  :— on  Electric  Welding,  349. 

HoRMTCH  Locomotive  Works,  406,  456. 

HoYLE  and  Sons,  Thomas,  Calico  Printing  Works,  Manchester,  402. 

Hulse,  J.  W.,  Remarks  on  Boiler-Shell  Drilling  Machines,  520. 

Ht-lse  and  Co.,  Ordsal  Works,  Salford,  418. 

Hyde,  G.  H.,  elected  Associate  Member,  294. 

Hydraulic  Power  Supply  Station,  Manchester,  403,  407. 

Institution  Dinner,  Summer,  404. 
loRNS,  C.  R.,  elected  Member,  469. 

Jamieson,  J.  L.  A.,  elected  Graduate,  470. 

Jenkin,   C.   F.,   Remarks    on    Electric    Lighting   Works,   304: — on    Electric 

Welding,  336  :— on  Watch  Screws,  495. 
Jenkin,  T.  H.,  elected  Member,  469. 
Jones,  H.  W.,  Remarks  on  Watch  Screws,  499. 
Joy,  D.,  Remarks  on  Watch  Screws,  494. 
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Kay  Street  Machine  Works,  Bolton,  406,  451. 

Kendall  and  Gent,  Victoria  Works,  Salforcl,  419. 

Kennedy,  A.  B.  W.,  Eeply  to  welcome  at  Summer  Meeting,  Manchester,  292. — 
Remarks  on  Electric  Lighting  Works,  302,  305,  316 :— on  Electrio 
Welding,  333,  357  :— on  Canal-Boat  Propellers,  366,  380 :— on  Manchester 
Drainage  Works,  401 :— on  Watch  Screws,  487,  492,  498,  499 :— on 
Boiler-Shell  Drilling  Machines,  .533. 

Kennedy,  T.  S.,  Memoir,  598. 

Kieenan,  G.,  elected  Member,  293. 

Knott  Mill  Iron  Works,  Manchester,  416. 

Lancashire  and  Yorkshire  Railw'AY,  Locomotive  Works,  Horwich,  406,  456. 

Lancashire  Watch  Works,  Prescot,  407,  461. 

Lewis,  G.,  Remarks  on  Manchester  Drainage  Works,  400. 

Liebert,  H.  a.,  elected  Member,  293. 

Lighting,  Electric,  297.     See  Electric  Lighting  Works. 

Lion  Cotton  Spinning  Mill,  Royton,  405,  440. 

Lloyd,  S.  Z.,  elected  Member,  469. — Remarks  on  Watch  Screws,  494. 

Lloyd,  T.  Z.,  elected  Graduate,  470. 

Locomotive  Works,  Beyer,  Peacock  and  Co.,  427  : — Crewe,  406,  458  :— Gorton. 

430  :— Horwich,  406,  456. 
Locomotives,  Compound  and  Non-Compound,  Results  of  trials,  460. 
London  and  North  Western  Railway,  Steel  and  Locomotive  Works,  Crewe. 

406,  458. 
LONGRIDGE,  Capt.  C.  C,  elected  Memberj  469. — Remarks  on  Canal-Boat  Propellers, 

368. 
LrcAS  AND  Co.,  Felt  Hat  Manufactory,  Bury,  406,  447. 

Manchester  Crematorium,  438. 

Manchester  Drainage   Works,  Taper  on    the   3Iauchester   Main   Drainai;'^ 

Works,  by  W.  T.  Olive,  381.— History  of  floods  and  works,  381.— Area 

and  population ;  rainfall,  discharge  into  Ship  Canal,  382 ;  subsoil  water, 

383.  —  Main     intercepting     sewers,    383 ;     storm     overflow     chamVier ; 

Bridgewater  Canal  crossings,  :5S4 ;  sewer  hiid  through  running  sand,  38."). 

— Outfall  works ;  boiler  house,  385 ;  engine  house  ;  lime-mixing  houBc  ; 

lime  store,  386 ;  press  house,  387;  settling  tanks,  388 ;  filtering  beds,  389. 

— Extension  of  works  ;  additional  filtration  areas,  389 ;  section  of  conduit;;. 

390. — Machinery;  sludge  pumps,  393;  sludge  presses,  394;  boiler  and 

engine;    air-compressors;  accumulator;  liming,  39."). — Electric  lighting; 

dynamo,  accumulators,  storage  batteries,  lamps,  396. 

Discussion. — Hopkinson,   C,   Floods    of   Mcdloclc    and    Irwell,    397 : 

disposal  of  sludge  cake;  non-condensing  engines ;  electric  accumulators. 
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398. — Crimp,  W.  S.,  Eaiufall  in  London ;  section  of  outfall  sewer; 
filtration  area,  398. — Dunn,  H.  S.,  Sludge  cake  as  manure,  399. — Alliott, 
J.  B.,  Sludge  presses,  399.— Lewis,  G.,  Presses,  400.— Olive,  W.  T., 
Floods ;  disposal  of  sludge  cake ;  nou-condensing  engines ;  electric 
accumulators,  400 ;  rainfall;  section  of  outfall  sewer  ;  filtration  area,  40L 
— Kennedy,  A.  B.  "W.,  Visit  to  sewage  works,  40L 

Manchester  Electric-Light  Station,  297,  402. 

Manchestee  Fiee  Brigade,  404,  413. 

Manchestee  Gas  Works,  402,  408. 

"  Manchester  Guardian  and  Evening  News,"  Printing  Works,  402. 

Manchester  HTORArLic  Powee  SrppLY  Station,  403,  407. 

Manchester  Main  Drainage  Works,  381,  406. 

Manchester  Sheffield  and  Lincolnshike  Eailway  Works,  Gorton,  430. 

Manchester  Ship  Canal,  Visited  at  Summer  Meeting,  403. 

Manchester  Shipping  Offices  and  Packing  Co.'s  Warehouse,  403,  412. 

Manchester  Summer  Meeting,  289. — Eeception,  289. — Business,  293. — Votes  of 
thanks,  296.— Excursions,  &c.,  402. 

Manchester  Warehouses,  402,  403,  411, 412,  414, 417. 

Man-n,  J.  H.,  elected  Memher,  293. 

Mansfield,  A.,  elected  Graduate,  294. 

Mansfield,  E.  A.,  elected  Associate  3Iember,  470. 

Mattos,  a.  G.  de,  Memoir,  464. 

Maw,  W.  H.,  Eemarks  on  Electric  Lighting  Works,  308. 

McQxteen,  J.,  elected  Member,  469. 

Mechanical  Stoking  at  Peel  Mills,  Bury,  446. 

Meetings,  1894,  Summer,  289.— Autumn,  469. 

Memoirs  of  Members  recently  deceased,  464,  598. 

Meeeick,  E.,  elected  Member,  469. 

Mills,  A.  E.,  elected  Associate  Member,  470. 

Mills,  Cotton-Spinning,  in  Manchester  and  district,  405,  406,  413,  414,  435,  440, 
445,  450. 

MoNCKTON,  C.  J.,  elected  Associate  Member,  294. 

MuiE  AND  Co.,  William,  Britannia  Works,  Manchester,  420. 

MuKBAY,  T.  E.,  elected  Member,  294. 

MusGEATE  AND  SoNS,  Johu,  Globe  Iron  Works,  Bolton,  40G,  455. 

Nasmyth,  Wilson  and  Co.,  Bridgewater  Foundry,  Patricroft,  436. 
Newton  Bank  Print  Works,  Hyde,  435. 
Nicholson,  J.,  elected  Member,  294. 
North,  H.,  elected  Associate  Member,  470. 
North  End  Spinning  Mill,  Bolton,  406,  450. 
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Oka,  S.,  elected  Member,  294. 

Oldham  Cokporation  Electric-Light  Works,  405,  440. 

Olive,    W.    T.,   Remarks    on     Canal-Boat    Propellers,    377. — Paper    on    the 

Manchester  Main  Drainage  Works,  381. — ^Kemarks  on  ditto,  400. 
Oedsal  Mills,  Salford,  414. 
Ordsal  Works,  Salford,  418. 

Packing  Warehouse,  Manchester,  403,  412. 

Parker,   T.,  Eemarks  on  Electric  Lighting  Works,  304,   311 : — on    Electric 

Welding,  350 :— on  Canal-Boat  Propellers,  369. 
Paul,  M.,  Jun.,  Eemarks  on  Canal-Boat  Propellers,  375. 
Peel  Mills,  Bury,  405,  445. 
Pendleton  New  Mills,  Manchester,  413. 
Peters,  L.  B.,  elected  Associate,  294. 
Philips  and  Co.,  J.  and  N.,  Warehouse,  Mancliester,  414. 
Phillips,  J.,  Remarks  on  Watch  Screws,  497. 
Pickering,  J.,  elected  Member,  469. 
Platt,  James,  Remarks  on  Electric  AVelding,  342  : — on  Canal-Boat  Propellers, 

370. 
Platt,  John,  elected  Member,  598. 

Platt  Brothers  and  Co.,  Hartford  Iron  Works,  Oldham,  405,  442. 
PoLLiTT,  H.,  elected  Member,  294. 

Printing  Works,  "  Manchester  Guardian  and  Evening  News,"  402. 
Propellers,  Large-Bladed  Partially  Submerged,  for  Canal  Boats,  360.    See 

Canal-Boat  Propellers. 
Prosser,  W.  H.,  Memoir,  598. 
Prtce,  H.  J.,  elected  Member,  470. 

Raleigh,  C,  elected  Associate  Member,  294. 

Ramsbottom,  J.  G.,  elected  Associate  Member,  470. 

Readhead,  R.,  Jun.,  elected  Graduate,  294. 

Reed,  J.  W.,  elected  Member,  294. 

Riches,  T.  H.,  Remarks  on  Electric    Lighting  Works,  311 : — on  Canal-Boat 

Propellers,  375. 
Richmond,  W.  F.,  Remarks  on  Canal-Boat  Propellers,  376. 
Robinson,  A.  M.,  elected  Member,  294. 
Robinson,  C.  J.,  elected  Member,  294. 
Robinson,  L.  S.,  Remarks  on   Canal-Boat    Propellers,  368 :— on  Boiler-Shell 

Drilling  Machines,  530. 
Robinson,  M.  II.,  elected  3Iembcr,  294. 

Robinson  and  Son,  Thomas,  Railway  Works,  Rochdale,  406,  448. 
Rogers,  H.  J.,  Remarks  on  Canal-Boat  Propellers,  377. 
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ErssELL,  W.  C  electocl  Graduate,  295. 
Kylaxds  axd  Soxs,  "Warehouse,  Manchester,  417. 

S.\LFOKD  Corporation  Gas  Works,  423. 

Salford  Corporation  Sewage  Works,  426. 

Salis,  H.  R.  de,  elected  Associate  Member,  470. 

Sankey,  Capt.  M.  H.  P.  E.,  elected  Member,  294. 

Saxon,  A.,  Eemarks  on  Electric  Welding,  333. 

Saxon,  G.,  elected  Member,  294. 

Scott,  E.,  elected  Member,  294. 

Screws  for  Machine-made  Watches,  473.     See  Watch  Screws. 

Sewage  Works,  Manchester,  381,  406  :— Salford,  426. 

SEYJiorR,  L.  I.,  elected  Member,  294. 

Shand,  J.,  elected  Member,  294. 

Shaedlow,  a.,  Memoir,  599. 

Ship  Canal,  Manchester,  403. 

Shipping  Offices,  Manchester,  403,  412. 

SniPSON,  L.  S.,  elected  Graduate,  295. 

Sjiith,  W.,  elected  Member,  470. 

Smith,  W.  A.,  elected  Associate  Member,  470. 

Smith  and  Coventry,  Gresley  Iron  Works,  Salford,  421. 

SoHO  Ikon  Works,  Bolton,  406,  454. 

Spence,  A.  W.,  Eemarks  on  Canal-Boat  Propellers,  377. 

Stabler,  J.,  Eemarks  on  Watch  Screws,  495. 

Steaji-Jacket,  Tliird  Report  of  the  Eesearch  Committee  on  the  Value  of  the 

Steam-Jacket,  535.    See  Value  of  Steam-Jacket. 
Steel  and  Locomotive  AVorks,  Crewe,  406,  458. 
Stevens,  T.,  elected  Member,  294. 
Stoking,  Mechanical,  at  Peel  Jlills,  Bury,  440. 
SuFFiELD,  F.  W.,  elected  Graduate,  295. 

Simmer  Meeting,  1894,  Manchester,  289.     See  Manchester  Summer  Meeting. 
Sutton,  H.  E.,  elected  Associate  Member,  294. 

Taylor,  T.  A.  0.,  Memoir,  466. 

Taylor,  W.,  Eemarks  on  Watch  Screws,  490,  492,  493. 
Theatre  Eoyal,  Manchester,  Gala  performance,  406. 
Thompson,  J.,  Welcome  to  Members  at  Summer  Meeting,  Manchester,  289. 
Thomson,  H.,  elected  Associate  Member,  470. 
Touch,  J.  E.,  elected  Member,  294. 
Trew,  J.  B.,  Memoir,  466. 

TwEDDELL,    E.    H.,    Eemarks    on    Electric    Welding,    343 :— on    Canal-Boat 
Propellers,  374. 
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Value  of  Steam- Jacket,  Third  Eeport  of  the  Research  Commiltee  on  the  Value 
of  the  Steam-jacket,  Mr.  Henry  Davey,  Chairman,  535. — Records  of  five 
experiments  made  by  members  of  committee,  536-591. — Summaries  of 
four  sets  of  experiments,  592-597. 

Victoria  Works,  Salford,  419. 

Votes  op  Thanks,  at  Summer  Meeting,  Manchester,  296  : — to  Institution  of 
Civil  Engineers,  472. 

"Warehouses,  Manchester,  402,  403,  411,  412,  414,  417. 

Wasdell,  T.,  Jun.,  elected  Associate  Member,  470. 

Watch  Screws,  Paper  on  the  Manufacture  of  Standard  Screws  for  Machine- 
made  Watches,  by  C.  J.  Hewitt,  473. — Importance  of  screws  in  watch- 
making, 473. — Defective  screws,  473  ;  principal  defects,  474. — Factory 
system  applied  to  making  screws,  475. — Standard  screws,  475. — Master 
taps,  476.  —Dies,  477. — Screwing  machines ;  slitting  of  screw-heads,  478. 
— Automatic  screw-making  machine ;  lathe  spindles,  headstock,  and 
turret,  479;  turning  and  screwing,  480 ;  slitting  saw,  481 ;  screw  carrier, 
482;  feed,  483;  rotation  of  turret,  484.— Slit;  screw-driver,  484.— 
Polishing  of  screw-heads,  flat,  round,  and  conical,  485. 

Discussion. — Hewitt,  C.  J.,  Modification  in  arrangement  of  screwing 
machine,  486. — Kennedy,  A.  B.  W.,  Standardizing  of  small  screws,  487. — 
Buckney,  T.,  British  Association  and  Whitworth  screw-threads,  487 ;  taper 
slitting  of  screw-heads ;  grinding  of  screw-threads,  489. — Darbishire,  J.  E., 
Tempering  of  screws  after  cutting,  490. — Donkin,  B.,  Revolutions  and 
output  of  machine,  490. — Taylor,  W.,  Interchangeability  of  screws,  490 ; 
double  calliper  gauge,  491. — Kenned}',  A.  B.  W.,  Pitches  of  threads  in 
photographic  screws,  492. — Taylor,  W.,  Inch  and  Whitworth  thread  for 
photographic  screws;  accuracy  of  screw  taps,  492. — Bramwell,  Sir  F., 
Bart.,  Tigiitness  in  interchangeable  screws,  493. — Taylor,  W.,  Limiting 
gauge  to  prevent  shake  of  screws,  493. — Lloyd,  S.  Z.,  Accuracy  of  pitch 
in  cutting  threads  with  die ;  screw-threads  used  at  Messrs.  Nettlefolds', 
494.— Joy,  D.,  Use  uf  iielical  springs,  494. — Jenkin,  C.  F.,  Taking  up  slack, 
495. — Stabler,  J.,  Output  of  perfect  screws,  495. — Hewitt,  C.  J.,  Angle  of 
thread ;  grinding  of  thread  ;  limiting  gauge.?,  495 ;  speed  of  machine  ; 
Iielical  springs  for  return  motions,  496 ;  cutting  threads  witli  die,  497. — 
PhilUps,  J.,  Lubrication  of  screws  during  cutting,  497. — Haswell,  J.,  Screw- 
thread  standard  in  America,  497. — Hewitt,  C.  J.,  Tempering  of  screws, 
197  ;  taking  up  slack  ;  machine  for  one  size  of  screw ;  standard  taps  and 
screws,  498. — Kennedy,  A.  B.  W.,  Interchangeable  screws  from  independent 
taps,  498. — Foster,  A.  L.  N.,  Origin  of  British  Association  thread,  498. — 
Kennedy,  A.  B.  W.,  Complicated  work  of  machine,  499. — Jones,  H.  W., 
Absence  of  standard  for  .screws  in  torpedoes,  499;  single-spindle  and  four- 
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spindle  screwing-machines,  501. — Hewitt,  C.  J.,  Adoption  of  British 
Association  screw-thread  at  Lancashire  Watch  Works,  501 ;  Whitworth 
pitches,  and  British  Association  thread  modified,  502 ;  dimensions  of 
standard  screws  with  flat  heads  for  tool-making  purposes,  503;  four- 
spindle  screwing  machine ;  simplicity  in  machinery,  504. 

Watch  Works,  Prescot,  407, 461. 

Watkesson,  W.  H.,  Remarks  on  Electric  Lighting  IWorks,  310:— on  Electric 
Welding,  346. 

Watts  and  Co.,  S.  and  J.,  Warehouse,  Manchester,  402,  411. 

Webb,  H.,  Eemarks  on  Electric  Welding,  339. 

Welding,  Electric,  319.    See  Electric  Welding. 

West,  James,  elected  Member,  470. 

West,  John,  elected  Member,  470. 

Whitelegg,  R.  H.,  elected  Graduate,  295. 

Wicksteed,  J.  H.,  Remarks  on  Electric  Lighting  Works,  306  : — on  Canal-Boat 
Propellers,  367. 

WooD-WoBKiNG  Machinery  Works,  Thomas  Robinson  and  Son,  Rochdale,  406, 
448. 

Woods,  W.  H.,  elected  Member,  294. 

WoRDiNGHAM,  C.  H.,  Remarks  on  Electric  Lighting  Works,  309. 

Works  Visited  at  Sunamer  Meeting,  Manchester,  and  district,  402-3,  405-463. 

WoRTHiNGTON,  E.,  Remarks  on  Electric  Welding,  337. 

Yates,  H.,  Memoir,  466. 

Yates  and  Thom,  Canal  Foundry,  Blackburn,  439. 

YorNG,  S.  J.,  elected  Associate  Member,  470. 
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ELECTRIC     LIGHTING    WORKS.  Plate  69. 
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ELECTRIC    LIGHTING  WORKS.  Pl^ie  71 

Fig*.  7.      Secitlon    oF  C^liintrt  Fio"   6.        Trcaisvet'se     Section 

srxpporHng     Tctnh  .  of  Boiler^    HovLse.        Scale  ^/JOO. 
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